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PPEFACE. 

I ’ . ■* 

Jn this little work’I mainly •^eal*with thc^iiroblem^tif.Tuikling 
housfts which are pupof against earthquakes, and in so dofitg I 
bare made spe^id dse of some jmponan:' works on seismoloj^y 
bj{ Jroffessor F. OmoKi of the University of Tokyo. *T 

AFove all, 1 .ha»e j^id attention to the" construction of houses 
in*brick and reinforced concr^'to'^hq*calculations i^re purjii.seiy 
expressed in such^a way as to ^facilitate theil* application in 
analogous* cases. 

My inckicqpient to write this book has tieen the recent 



^ desirous earthquaJte % CalaLta JncTSicii. t» th«se cowntriesj 
^ich *0 terjribly suffeied^ynder th% misforftine, it is in the highest' 
•. degre. desirable tJiat^in the worl^of rebuilding great^ foTt's'ight 
^ and more sCi^Qttfic methSds shall be used th^ has been the case 
in the past. And these*few pages shou^^* in4pce* others «) 

write mofe important treatises, frogj which itil^ bettty ful(* Vor 
, building .in“%ismic^cc^ntrie5mishl^e derived, f should cJQde'r 
. mysrf.'- simply rewarded fo»this rnodest wc/k ofjmine. ' y * 

A. l/cfNTEL. 

- # 

JtoMK, ® 
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. ^BTJlLblNG STRtJC'rURES. 
’■"EA’RTHQIUKE'COUNTRTES. . 

CFfAPTERi. 

ON tEARTH^UAKES IN G^NER'^L. 

Earthquakes- Propagation of the Seismic I'oiccs - Vi-lqcity^ •L 8 ngitu 4 t..n and Trans¬ 
versal Waves^ Periods of an Earthquake - Direction— Superficial \v!Rcs— Horizontal 
and Vertical Motion—Oscillations—Acceleratuin--S8isnvfcScales-—Description of an 
Eiirthqtiake at Tokyo—Calabrian and Siciliaji*Earth(juake^i December 28, 1908— 
The Maremoto—Calahri.in and Sicilian Mareiuoto, 

Certain regions within.the terrestrial globe are, for reasons the 
, in*rtfstigation of which would be Ueyond the scope of this treatise, 
subject to convulsions :tnd tninsformatioiis ; and the shocks which 

‘rcsiht tliT-refrom a»e twinsmitted across* the earth To distances 

* 

*wh*soijiefiines very far from th& point of their origin. 
These shocks constitute the sp-c;ill^ “ earth^uakest” 

'* The mode of prt^agaticn of the often enormous forces*-iTiich 
jR*e in action,*?!^ 1 which tire* called “ seismic ftflxes,” is very coin- 
gli^iteci, and the branch of scienceMevoted to them (“^s?iSmology ”) 
isras'vet, far from ilfiving fully explainefi them. • * 

It h*s, however, beeif estab|ightid-»-but*only by*way of'^rross 
^ipproximatioB—tl^t these*forccs are transmittecXsicross the earth* 
i% the sa*nc manner aif atroijs an elliptic body^that is to say, in the 
form of eljistic waves ; only, the ^aves which are here Iri question 

* I . I 



BUILI^IJ^G STRUCTURES j'N i^ARTHQ^jkKE COUNTRl£&^ 

aue<rlbnger than onef kilon^etre, an^ the eaifth, or kt Ifeast ift crust* 
is a by nq fiioans hoAoge*neous l^)dy in /which strata of grcjjiter 
width* than one kffenJatre are rare. Xhe waX'es musf therefor^ 
undergo transforpiations and alterations befcM'e they arrive at the 
surface of the earth,’ Travelling, as they yo, across strata^df 
heterogeiK^pjis dasticity ancj^ densityf they genecilly n^it^er 
purely longitudinal ror purely trjfnswrsal, but of-^ complejAaiufe 
—a yiixturc^ o/ the two. Nor is tbCijr veloc^y alvlays the same, but 
it varies'hccordnij.’s.^U) the ^rata across which they are /r«paga 1 ted. 
Indeed, tlYai^*velocit^^ is determined by |he relation oetween the 
91 o3u1us of elasticity and the density^f/f the b^fly ^'hich the 
waves tra »'erse--*relitions which vary from one kind of to(^^ to 

1 • I ' i 

the other. . 

T '' ' * 

From experiments made, jt seems to result that the modules of 
elasticitjf generally grows more, rapidly than the density whenever 
the density of the rocks increases. Thus it happens that thp 
elastic waves are pro|)agated w,ith greater velocity in the d'^ep 
levels of the. earth’s criist-than at its surfa<ce, where the less dense 

f 

rocks occur^ ,. ' < , . • « 


The study of the velocity of propagation of these^ also 

enables us to advance hypothpses regarding the inner constitution 
of tte globe. Thus, Omori has f<mnd that the velocity of the., first 
waves indicative'of an earthquake -those v'hich travel in the 
deeper regions of the earth—is’about 13 km. per second, wj^ich 
would denote a mean of propagation of the dens.hy p = 3 ' 5 , and df a 
modi^ltis of elasticity £ = 6vox i^o’" C.G.'S. 

On the other hand, the waves which trav'-l along the surfacd 
of the soil'have a mean velocity of ^'3 hm. They constitute t]be 
more important -part of the earthquake—that part which produces 
' .2 



the greatest’ effeg}:, cynvulsiois of tUe soil* the destruction pf 
buiWjngs, etc.’* % *•!* 

Accorcing to K)mon„ three periods (Sin* generally b? dis¬ 
tinguished, in an ^t^thquake: ^ - - 

• 

Initial tremors. 

Principal period. 

Finalperiod. „ 

The *fiXi period is represented bj# the whioh*travel at 

great depth; ^of these t«e most rapid ones arrive Afst, and^the 
other's g^ad uaftf after, t, 

• • 

The princ^ial ppriod is represented 6y-the? surfaciji waves, ^nd 
<^it are due th*e great effects of the earthcfuaku.^ 

The final period is formed by the ex'i)iring forces of the first 
cause of the earthquake (which we do not investigate here)^ and by 
fhe :'/.v hicrtiir aj well as by the momentum of the masses in the 
moyement, which require some tiihe befor^ they return to the .state * 
of rt^ose. * ■ f ^ 

From* the data Collected by Omori''' w?th refertflice to nineteen 
destructive^ somi-destyuctive, or strong etirthqyakes which have 
occurred in Japan, it results ffeat tTife duration of the «sa.sr, violent 
part*of the principal'period^n^ destructive shocksjs gcneralT^'Ti-oni 
(tiur to ten secrwd.s. *« If, however,^ the qarthquake is very great, te. 

«xft.‘nded and violent, *he duration may be prolonged up to thirty 

* • * # • 

• • ^ 

• _ •. . '»». * 

^ Cf. Hi. NagaXoka, PubUcafions of Eart^jual^ Investigation Comniytee tn 

'Pdreij’n Languages, No.^, ■I’okyo,»i90o, p. 47 ; F. Omori, On^eismic Instruments,^ 
p. 248 (tfom till; Transactigiis of the first«International Seisihologic Conference, 
Stfasburg, *901). • • 

* BuUetin^of t^ Imperial Earthquake titvestigation Committee, vol. n. No. 2. 



BUILJjlJjG STRUCTURES /n IaRTH(^AKE COUNTRIES., 

sfecOnds. These dafa may be, us«ul in studying tlie destructive 
effects of a<i efA'thqualA uf)on bull dfngs. I . • , 

no earthqua,k^m8st ^lecessarily have also fi direction. In the 
region of ^le earthqi^ake thys direction is ge*|.rally uncertain; ^ 
varies frOQi place to placc’fowin" probably w the h 

fror 


frogi pi 

structure <Qf^he earth^s cru^), and also 
other. There ^is, Siowever, gehenflly 


heterogeneous 

ffone mament to^e 

mai/t liiredioit /of ihe 

movem( 5 nt, Avhich is that of the CTcTttest honzonPu movement, 

'‘s • M 

It m3)4 bo poin*("d out Ift^re that tlferc are no rotar/ oT* vortical 

earthquake*^ Sometimes one mepts objopts like columns, obelisks, 

etc., which under the action of an cartl/fuake ht^\^ underg(yie a 

rotatory iho^eme’iC,'but that does not by iij[iy means prove that the 

force which produatd it has been a rotatory onC.' TJius, if €0 

object on the prthit of sliding is impeded by an obstacle loetatcd 

e.vcentrjcally in relation to it (for instance, if a portion of the 

superficies of a base situated near the periphery could not slide 

owing to attrition), the object* can evidently be subjected \cr a 

rotatory movement eyen if the force whiclf moves it has a constant^ 

horizontal direot-ion. * ' ' , ' 

For the purposes of the present treatise ,we sjialt intCStigatc 

only the,-p''incii)al peril h1 • of* the •. earthquake and the surface 


wa\^'.s^• 


" It is yet a conffoversial point whether thpse w;;i,v^es denote alJ^ 
a ve.rticar'moyement or only a horizontal ope. Omori deniesV'ihe 
vertical^ motion,', his reasori being that thc.test-; qiade by him for 
this purpose have nof‘ ])ro'. ed its existeiice. On the other hand, 
'the majority of seismologists, and also“the physicists Kelvin and 
Rayleigh, afesert the,necessity"of the Vertical component.'' It rrxiy 
' ].)e Moiitessus‘'de Ballore, Xu Science Sasmologiqne, i’aris, ^907, p. 367. 

' 4 * 



ON EAi^THQU/fKE& fN GENERAL. 


therefore be assumed that this ciomponeiit e.visfs, but that, compared 
j(vit!* the horizontal onej^it is viry small tinc^difficulf to ©bserve. 

This [)*int is, ht>weveri of no great p^actTcafiniportance. *E.ven • 
^hough the surfar,eWaves be devoijl of a ^'ertieal.cc^iponent, it 
remains, a^fact, cotroborated by Omcfri himself, that ,a vertical 
cc^ponent^iS likewVi i met in earthquakes, vjhich wo^Wiean that 
this vo?rtical movement is pi’oduccd by somefotlmr cause. I’he ’ 
"♦verdcal TOmponent is, ho\vev>tfr, gener’illy small when CMipared • 
with the* i\irizontal one, aiW, moreo\(ytr, as ^i^i pomts out, it 
could not produce any iijipoltani effects upoi^ buildijigs even if it 
wcr^ grefct. ^^e shall tlijirefore not insist upon this question, and 
in our treatise we shal^without e.Kceptutn .asscfnfe tlut ‘ttTe action 
<#^an earl,hquake in a point P of the earth]fS simface is a movement 
of gaing and coming in a horizontal direction. 

Let us consider what will be the action of the point during 
khe oscillation of the .soil. * 


repose 


0 


S 


(fig. I), where its ' 
h'’' 


«£7 


I'.u 


■^It starts from t.he positicjii ef 
acceleration is zero, ami travels to Q', 
where iht; accelerawon I'oaches its ma.\i- 
mum valuer y/., Vr^nn there it returns 
and repasses throug’h O, wheo; lhe*;icceleratipn is ;^auJ,?ero while 
the •velocity of the moveimint is at its highest. Then it ^iH go 
jTo Q, where t()^. aefeleration will again have* a new ma.ximum 
j'a^ie A and the vei.ocity will be zero, and so on. ’OQ=OQ' 
represents by \yay*?)f diagmm the amplitude a ^)f the* oscillation * 
{/.c. one^half of the exlehsipn the.^novCment o£ the soli); if, 
tlien, T is as#ume#i to be tlie total duration of tlit. movement, we* 


get the formula A - 


• ,• 

p 



BUILKI-NG STRUCTURE^ IN SARTHOUAKE COUNTRIES., 

• * c • 

*• "Earthquakes may be classified »ther accordiag to the maximum 
acceleration/ol- accorcfin,if to the extensicjfi of the movemen*, oj 
• according to its juration., It is not stated, however, th€t the most 
widely ext^ded eartl^inakes^ilways produce nlje grpfeest effects^ 
nor that tUosc of the sliort'est duration do that; on the pontrav'y, 
the latter Str^generall)' also the weakest. W.li 4 t i-eally^tonstit^es 
the i^n^ortance jtf aff eartlujuake 'is its maximum eccelerati^)n, and 
it is en the basis of that criterion tlfSit Omori proposes hLs^scji^e^of'' 
destructiv* eartliqf*^kes. Xhis scale we give hcreafterX«* exteuso ; 
it indicates Pke relalj*)!! between the inaximum acceleration of the 
earthquake and the effects* produced If/ the layafcV. Ft wiy be 
reipemberer^ thaf Ire is "dealing with th<i horizontal movement, 
which is generally itdnu'ssible. '' , 

Professor Onlori observes, later on {Bulldin, dc., vol. iv. ISkx i) 
that evqn though the movement had a very strong vertical com¬ 
ponent, i.c. that it strongly emerged abow; the horizon, the value 
of its maximum acceleration would not differ Jn a practically ^r- ■ 
ceptible manner front, th(^ maximum horizofital acceleration capable^ 
of producing effects of convulsions equal to those due tb the co¬ 
existence of a vertical and a horizontal comppn.cn't (ff the accelera¬ 
tion. Xlii>-'<'ali 5 es of the maximum acceleration ^understood to be 
horitoflcal) which have been chosen by Omori for his earthqtiake 
scale were derived'from the examination of bt'difc«i overturned b^ 
the earthquake of Mino Owary on the 28th .October 1891." If^wf 
call, thjjt maxinvnn horizontal acceleratiofi «,*■ it, was found for 
Nagaya and Gifu tha*t « ?{as =^ 6 og mm. per set'.''* and = 30x20 
'him. per sec.** ,A;spectively. Judging, howevrf?, by' the seismo- 
graphic data ascertawied at the me'teoJ'ofogical obseri^atory •of 
Nagoya, the amplitude of the vertical component a" Ayas^apparently 

' 6 



ON EAlJlTHQUAXES TN GENERAL. 




about one-th*rd ‘o^the horizontal a', which meAns that the dirw^tiom 
pf thejiiovement emerged by dli angle <jf iJl° 26' ove? the liorizon. 
If we call ihe maxitnum acceleration of this*m(dement a,„ it fesults . 
from Omori’s calc^ilation that for tl^e two ^bove-nami|d localities 
Uc.was equal to 25i’8 mm./sec.'" and 2S69 mm./sec.’* respectively, 
sliffcik,ace a — c\\s, therefore, 82 agd i3i^mm./.sec.VfiBpectively. 
Moretfl’er, if wa assume that Ihe ‘angle of emersion of the move- 
•^mcM^t al^j/c the liorizon had L'«en 45°, there would httve* iSeeyi for- 
Nagoya*ii\l Gifu u„=29off mm./sec.“, and /Rm./; respec¬ 
tively, which would havere^ulte^ in'the difference being 306 
and^2o8^nm./;|f,c.^ respdfcfively, or j. and yo of «. It may therefore 
be safely assumed that practically the valuqs uf* <f git^n Omori 

jiv* his scitle do Hot'differ from those of d,, even in cases where the 

* X 

emession angle is considerable. , ' • 

Omori’s scale has been compiled with special regard to Japan. 


OMORI SEIs’mIC scale. 

<•> 

T. .M^vximum Accel*rkation = 300 mmT per SEfi PEft SEC.—The 
shock is rather strcyig, so much .so that it g^cnerally’induces people 
to escape from thoir houses,into ^he open.^ The* wjjjl.s of badly 
constructed brick houses crack .slightly and some parqwet»falls 
.down; ordinarji vvo*)den houses are shaken in Such a degree that 
tff'.y loudly creak; /urniture is * overturned; trees'etfe visibly 
shaken; the watei»tn jiorrtk and pools* gets turbid, ovting to^the, 
disturbance of* the mud ;*penduluin clicks ^top ; .sonie very.badly 
*Bliilt factory «him#eys are’damaged. s* • 

• II.* Maximum Acc*5ii*l;K,jTioN^=9bo mm.-i;j:r sec. pbTr sec.— The 

• 

walls in tbe ^wooden houses of Japan crack; okl wooden houses 
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get'siightly out of plUmb ; the Japanese tombstojj.c^ and the badly 
constructed Aosie lant^ns'are overfurned ;/in a few cases tlie «flow^ 
of thS thermal ancf mineral springs is change!!; ordinary factory 
chimneys r^e not.damaged. ^ • • 

III. IV^AXIMUM A(XE1.eR.ATI 0N = 1200 MM. i>EI< .SEC. I’EJi SEC.,— 
About ont-^our'th of the factory chimneys aife damaged ; Jj^ly 
coftstructed bric^ houses are pal*tial^y or totally ciestroyed; some 

• old ^dideit, Ijouses are destroyed*? wooden bridges a^^slijj^tjy-c* 
damaged*;, some lii(^mbstone,s and st(jfie lanterns are ^drturned ; 
Japanese sliding doo^s (c(jvered wjth jlap^) are broken; the tiles 
of wooden houses are displaced; somy'fragmeg^p of Kocks^ are 
detached'from tife'sidcjs of the mountain^. 

IV. Maximum Acckperation - 2000 mm. per s^c. igai sec..^-. 
All factory chimr!^ys ant rfiijied ; the majority of the ortUuary 
brick houses are partially or totally destroyed; some wooden 
houses are totally destroyed ; the‘wooden .sliding doors are most!)* 

•thrust out of their channels ; crevices from 2 to 3 inches (5 to*^.^ 

, , f * * 

cm.), wide appear in low and .soft grounds; here and there the 

r ' ‘ 

embankments aiae .slightly damaged ; wooden bwdges are*partial!y 
destroyed ; ordinarily constructed stone lantcrnj aVe,ovegturned. 

V. Ma^IUI. 1 .Aceta.ERATIOjf = 2^P0 mm. piTr sec. per sec.— 
All #rcHnary brick ho'uses are very seriousliy damaged; about 
3 per cent, of tl*/i wood(*n houses are totaljy d";jitro)'ed ; some, 
Buddhist tfcmples are ruined; thdembankments are badly damageTu ^ 

.the railway^ are slightly co’ntorted ; orciinarv tombstones are dver- 
turneej: brick walls art damaged; here'and there,'large''fissures 
from I to 2 feet,^o to 60 cm.) wide tippear alon^; th»banks of tlfe 

watercourses. The v^jaer of Vivyrs aijd (liOches isthrowivon the 

< 

banks; the contents of the wells Arc disturbed ; landslides occur. 

• ■8 . 
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VI* Acceleration = 4000 mm.* per sec. per s^c.t- 

,Th»gjeater part of the Buddhist templef ar 4 ruined* frcvn 50 to 80 
per cent, of the wdBden houses are totally' dfstfo^ed ; the enfl^ank- 
ments are, almost^destroyed ; the n^ads through, padc^' fields are 
ruined and interrupted by fissures in sifch a^degree thaj traffic by 
aniiTials gf* vehicle^ is impeded; the ^railways arc" veu^'^^nuch con- 
torfed^ great iron bridges kre‘destroyed; woollen bridges 5 re 
^ardall)^nr totally danfaged ; Hnnbslones of solid c<4n5truct'i<4P are 
overturnftuy fissures some tfect wide^ippear ^ itte soy* and are 
sometimes accompanied ^y jtts of vffiter and^sand ; yjon or terra¬ 
cotta ta»ks ei^bedded *41 the ground are mostly ilestroyed * all 
low-lying groimds are completely convoked hyriAintally as well as 
jTirtically^in saich ^ degree that sometimes the trees and all the 
veg«;5jition on them die; off; numerou;;landslidts^ake place. 

VII. Maximum Acuki.kkation = tiuuii more i'iian 4000 mm. 
BER sec. )‘EI< sec. —.All Jiuilding.'? are completely destroyed except 
a fiiw wooden constructions; soitk; doors or wooden houses are 

I . • ^ 

thrown over distances from i to 3 feet; enormous hyidslides with 

« 

faulft anci shears of*the ground occur. • .« * 

• » _ . 

We, also r?j)rocfuct; the Mercaili scale, whi^ was adopted in 

’ iQOp by the Geodynamic l)ep?irtment of lt;iiy. 


MERCALLI SEIGMIC SCALE. 

* • • 

ir Ins j'RUMent?^! Shocks, i.e. shoclfs mereK' recorded by .the 

. . 'S’ * 

seismic ftistrumcnts. * • * • 

• • 

11. Very Sii.iGi^r Shock, obsen'ed only by persons in a slate ofi 
pwfect* quiet, especiall^' Rn Jlie iifiper (loor.'»,rf)f houses* or by very 
sensitive and ^ervous people. * 
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• • • . 

; -ni. Slight SikIcks, lAserved by several, Ijjjf only co*mpara- 
tively few pefstins amiAig the inhabitants of a given region ; ,p*)pl5 
. say, * It was scar^ety f^lt,” without any apprehei^sion, an^ generally 
without ha^'ing notice^ that i^ was an earthcjual^e, until^fter other 
people mentioned that thev* had also observed it. ^ ^ 

IV. PtHn^Ei’Tim.E OK M(^1 )krati;, noticed ubt gonewiily, but^by 
m 3 ny persons yi tk.e interior ctf h^u.ses, thougfk on the ground ' 

. floorij % a ,f(;w onl)'—without ala«n, thou|;h fittings ai:^I jdass^ 
ware triAi^ble, t1\e*ceilings ^reak, and*suspended objejrt'^’oscillate 
slightly. V , • 

V. Strong, ob.served generally in th^liouses, ^it in tiie streets 
by a few p«>plc*ouly sleeping persons arc awaka.ned, some with 
a feeling oi* alarm ; there is banging of door?;, sounds of beli.. 

oo • m 

rather strong o.s«nlations of ^suspended objects, stopping of ^ocks 
and watches. * ' 

VI. Very Strong, observed*by everybody in the houses, an^ 

. by many with fright; flight to tl^e open ground ; fall of objects^in 

the houses; collapse of chimneys, with .some slight cracks in less* 
solid hoases*. * , « » 

VII. Most Strong, observed with general‘terroP and flight 

• ^ . . * « * 
from the hciusef; perceptible ak;o inj.he streets; sounds of church 

bell%; ^alls of chimney's and tilesnuiv.erous tracks in the bv.ild-^ 

ings, but generall^'only of a slight nature. » * 

VI II . •Ruinous, observ'ed wrifh great terror; practical colla^.se 

* • * €1 
^of some hiTuses, with geneml and considerable tdamage toothers; 

withijfit human victifns, pr only with some isolated 4)ersonal 

•misadventures. \ 

IX. Disastrous,^; fcith totaror almostecAal destruction.(?f sogje 
houses, and great damage to mnny others, so much^sq that they 
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are rendered uniiiiiabirable ; human vicftms nrft very numerous, biit 
jpreftd^over various points of the inhabift-d fDlacts, • * » 

X. Mc^t Disastrous^ with destruction "of^jiny building and 
^lany human yictiips; crevices in the joil; laijdslides in ^e hills, etc. 

•» intensity of the shocics, account must taken 

rathery)f toe ag<^rc,i^ate total of the rliimaoi'^ and th(^*r«in caused 
by therfi, than c<f some isolated facts which may of'^;n be due ratlier 
the pSitticular condition of s6me building than to. the intensity 
of the shbck; and, in particular, it must, be co^iai.lereil wnether at 
the moment of the earlhfjual’e, tl^e intiabiumts^were ip the houses 
or iij the'streeti, or asseTiabled in church(;s or theatres. * 

We appcny a compjjrative table of thi; pmciri'atK^the Mercalli 
Stales. Jn co1npifm<^r it we have taken account of the relation 
betWfSgn the Omori .scale and the Ry-s^ii I'orel .sc.*ile,’ and between 


the Rossi Forel 

scale and the M 

ercalfi 

• 

seal 

L*.' 



• * 






Omori sc.alc. 

§ 


Morcalli .scale. 



t 
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VI. 

• 400^) „ , 
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VII. . 

. >4000 *, 

1 
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• In order to give vi clear idea of what an earthquake is, we 
reproduce the part which piisses.ses the greatest interest for^us of* 
l^e description'of the Tokj^o earthqualS; on 20th June 1894 :*— 


• , ' F. Omori, Pniili^tioiis, eU., 4, p. 140. , 

- I)e Montessus, lac. fit., p. 51. 

^ T*Sekiya and F, Omori, Publications, etc., No.*4, ]). 35. 
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% ‘ ‘ * . 

i “ 1 hat earthquaRe made itself felt over a zoi]^ *of 24,000 square 

miles, ancli26 persons^wefe killed in it, while 171 were s^rifcusly 
injured. In Tokyc^tlfere were no housas totafiy destroyed, but in 
the low-lyi^g quarters of thj; town several brjck buildings wer| 
seriously i^amaged, and toAibstones as well as st9ne* lantqrns were 
overturned,*jmall cracks apjjeared in the grouu'd, and some jets of 
witer rose fro*n^the»earth. ‘ * , 

^\HortzQnial Movement .—The earthquake began, as ySual, witl*^ 
tremors Vdiich lasta^l 10 seemds. Thf; movement had.rc*ached an 
amplitude of about^a millimrtre \yheil ihf instruments commenced 
to indi(^ite it. We shall take that insui^t‘as the bj^ginniflg of the 
earthquake.^ rite'uiOYemcnt, already string in tl^e 1st and 2nd 
seconds, became, of a sudden, violent, and the ‘solkwas piovcd Jjs 
mm. during the fnterval bel\i'een the 3rd and 4th seconds. ^This 
was followed by a movement of 73 mm. in the opposite direction, ' 
which was the greatest horizontal one dui;ing the earthquake, and 
was again followed by^a moticwi of 42 mm. During aboilt a 
minute after, diese tjiree strongest shocks the movement grew 
very much we:W;cr, alth?)ugh it was still large) in extenf. Al few 
great oscillaticins occurred between the 40th audlh^j 53Vd seconds, 
and a^iin between the 70th ^nd ^8th, but the intensity of the 
shofrks^vvas no longer so strong as-at first. The relative smalltie.ss ' 
of* the damage cjfused by this eartk(|uakc nwtwjjhstanding such 
great horheontal motions is, no fleSubl, due to, the small number^bf 
violent oscillations. * .’ *• ' 

",Period of the Iforizcnital Movemeht. —'I'lie nsa-ximom hori- 
Kzontal movement, mentioned above, occurred Vn ay second, ^ 
that the coitiplete peued of the'o.scillafiorf \^fould be i ’8 second;;- 
" Direction of the Moziement.—'Wat direction of ^he.movement 
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* • * * 

changeS, as*u 5n^l, during the earthquake, but the greatest 
|}oriA)t^al shock was directed towards S.* /O* arrt:l*tite principal 
movement%before and after had also practically the .same, or else 
jhe-opposite, direction. We have extiniined the directitjii in which, 
in-«diffcr<jnt^parts, of Tokyo, 245 stone*lanterns were (overturned, 
ancj^f(jundrthe meap'.dircction to have,bcen^.S. yr’W,- .Thus it is 
seen that the diw^ction of the tivefthrow was idtntitial with that *of 
'•llje ^rea^tst horizontal*moveman. , 

“ Motion. —Tht; grcatc.st verticaL«io’veme»f was of 

10 mm., and occurref cJtiring t^je 3rd secontj, almost simultane- 
ousl]j( wiA the^rst slroli^ horizontal motion. There were some 
more or less^mportaijt vertical movetmtnts * crurirtg the next 
^ seconds. * * 

* ^ 

''^laximum Acceleration .—The /ifaxirnum acceleration of the 
movement of a particle of the soil,’ calculated according to the 
value of the maximum horizontal movenifuit and ifs duration, is 
44^mm. per sec. per sec. That Was the,maximum acceleration in 
the high quarters of Ttikyo, where the soil,is conipact clay ; in 
the fow-lj'ing quarlfcrs, ‘where the ground is .soft»ancf marshy, it 
almost reathe^ tTicj value of 1000 mm. per sej. ptr sec. Now, 
the maximum accfileration is,j:he JJjieasurc of destroct^vc power of 
an earthquake, and from tlitit it smist be decfuced that whenever it 
teaches the ab^e walucs the chimneys will b?; greatly damaged 
the* buildings shithen, as the*y*were on this occa?idh. As to 
the great earthquak? oj Mino Owary ini891, it has been calculated 

by the examimition of mfhicrous ovcrUirnecT and fra(;tured bodies 

• * 

tnat the maximu^f acceleration of the earthquake in the mega-* 
saiwnf? region has bedh froih 30^ to nearly. 10, oexa nim. per sec. 
per sec. . * 
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* • • « 

• "Duration of the Earthquake. — The slacks "lasted about 
4 minutes* anri 30'seconds.’’ ^4 , 

We shall noyf Veler to the disastrous earttiquakc |of Calabria 
and Sicily^on the 28th becpmber 1908, durii^ which, howeve^ 
in face of jhe enormity of the disaster, which destroyed eve/y mejtns 
of observ4iUj)n, no scjentifiq investigations could be rmide.* The 
movement was^jertfeptible withirl a radius of 200 km., but< 5 estry''- 
tion pf, or grave damage to, buildings only occurred witl^^i a muj^ja'' 
smaller *»)ne <?!' *|^out 30 km. in lefigth and 20 km. *in width, 
including Messina, ^the Straits, Reggio /ialabria. 

Aca)rding to the evidence which has‘been col^cted,* it seems 
that at Mes.‘jjnahht.du,rarion of the earlheyjake wa^from 25 to 27 
seconds, and th;ujt had various phases. The ‘first, .eminenrt'y 
like an upward* shock anU, lasting from 2 to 3 second^ does 
not .seqm to have been very strong or to have caused direct' 
damage. This phase Was apparently followed by an undulatory 
movement, in the normal sen*.;, at the Straits of from 7 to 8 

f • ' 

seconds, which cau.sjed the fall of pieces of mortar, of bricks, 
and f)f .some Itss solid*and projecting parts 4 )f buildings. ?\.fter 
a very short" interval of about ) second iivtsl ^aolgnt undula¬ 
tions, die dgection of which ^as pyrpendiculdr. to the first ones, 
coiTftneticcd, and lasted 15 seconds. •• Within that phase* the 
destruction of the* city .seems to have occurred, v* * , 

At Rdggio Calabria ifappedrs that the ejirthquake lasted abCut 
35 ^seconds, and^that the *movement was at fifst like an up'ward 
shock or upheaval, tftid then assumed* an undulatory character, 
'during which pliase it caused the destruction of^he^ity. Accoi^ 
ing to other"witnesses^the movejnentlwal 5 t first undulatoiy «;%Bd 
' M. Barafta, La Caiaslrofe stsmied Ca/airo-Messinese, g. 268. 
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. * ’• 

Aen strongef, rototory. It ought to 4 )e mentioned that in^ths 
ijiost#convulsed zone of the earthquake th*? survivt)?s ,state that 
they have ^It a gyratory.movement which "produced nausea* and 
giddiness, apd that jpnumerable object^ weVe subjected to a gyratory 
movement. ^ filit ^these phenomena do^not,'as we havp already 
expkiBed.jpimply the.existence of a rotatory earthqu’ak^/ , 

► ^Accarding t#* Profes.sor Merctdli, about pe,r cent.' of the 
• bouses ir^essina and l^eggio collapsed totally or pai;tially.‘ ,The 
stree'fti of^he two cities, geiftrally narrow, were covered i \Vith the 
fragments of ruined hou^s, tnan^' of which had been 15 and 20 
metres high. J'hus m;ftjy people who had not perished in 'the 
houses lost the^lives in^he streets while trying.to s‘ave themselves, 
.^cordini^ to the iliost credible reports, about ^^,000 out of a 
total jjumber of 90,000 inhabitants ipst their lives in the city of 
‘Messina, and in the city of Reggio about 9000 or 10,000 out of a 

tqtal number of 27,000. * 

. • 

, .According to tlie estimate of 0 «iori,- the maximum acceleration 
of ll*e Messina earthquake was about 2000 nim./sec." .At Nagoya, 
during' the carthquai#c of^iSpi, it had been’2600 nva./sec.b but out 
of a total popuhdoij of 165,000 only 1 yo.jierished. *■ This shows 
that the death of sn many pyople’in Messina, Reggip, etc., was 
*prim»irily due, from the seismologic point of view, to the coir.pleJely 
unsuitable corfttrpcli^n of the fjuildings in these cities, ’ . 

shall conclude this chapter*\»ith a few words on seti-quakes. 

The sea-quake, «di- tremors of the st 4 t, is nothinyf buf’the effect 
of convulsions and shocks^f the bottomiandl;he shores of the sea 


^R^rt af th: RaNtame^h^y Sub-Conn/ti^lee on the Condition of the Country 

\(l^ein tite Southern I'rmnnrei on/Lin Siei/v vnl v >a 


t!fe Southern Provinces amkin Sic^y, vol. 


® Bulletin,^etc.^ vol. iii. No. 2. 


V. sccifon iii. 
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< ‘ c 

ikpon the great mass bf the ‘^ater. This phenomenon ^las, of cours^, 
been fess rlosfely studied than the earthquakes proper, because thf 
sea fs much less densely populated xS\'AX\Jerra jirma. It has, how- 
ever, been^ ascertained that ^ sea-quake does jiot generally affeci 
ships on the -high seas^ 'll! any degree, because the^mass of J;ht 
water fornt.-jja very s^frong^ cushion which sqftens the shocks^anc 
tlie^effect of th^ cohvulsions of the solid crust of tk-e earth.» On thf 
othec hand, sea-quake may be very stronh in the neigljt^jourho^ 
of the cbfcst. ' 

Often an earthr^uake and a se^-qilhke^will simultaneously trave 
along sea-shore, and the damage caujtid by the j^normous wave; 
of the latte^.-sornetimcs exceeds by very far that j^oduced by th( 
former. The h,^ioht of the waves during a sfea-quake may att»i 
some dozen of Snetres; thbfr velocity is greater than that^pf th( 
waves .during the most violent storms, and they occur again anc 
again at variable intervals up to'periods pf some hours. . 

rhe eartlujuake in palabria and Sicily of the 28th Decehibe 
1908 was accompipiied by a strong »ea-quake.“ The latte 
originated "in tfce Strait? of Messina and made itself fek vi(?lenth 
on the shore at cjjfferent points of the coast flvfring ffom 4 to ic 

i 

minutes aft^m the ear.thcjuake. ‘ By the almost unanimous consensu 
of fcxffcrt opinion, it was preceded by .the retreat of the sea-water.' 
There were at le'ist three heavy swells like tidalq^aVes. ^ 

The ‘ destructive effects Vianifested themselves along ^me 

Calabrian coast over aboht 40 km., ,and alohg the Sicilian'coftst' 
^ 4 K ^ * * 

ovcK about 100 km. “At one of the poiftts where the damage was 

«» 

* I)e Moijtessus, loc. cif., p. 200* • , _ _ 

2 Omori, Bulletin, e/z.rvol. iii. No. V ; Batatta, La Catastrofe sismica CSfhbro- 
Messiiiese, p. 363. ^ ‘ ' 

16 



ON EARTHQUAKES'IN GENERAL. 

o • • 

iftore coTisidei^bJe..between Pellaro and*Lazzaro, the force of'th^ 

v^atei*broke down fflie iron girders of a railwjiy bfidge'ctf |2 metres, 

and remove^l the sandy beach over a maxfmiMn, width of aBout 

1^00 metres. This latter phenomenpn,‘which was observed in 

vatious placcs%n both shores of the .Straits, seems, hgwever, to 

have lieen combined with a sagging or subsidence of the.soil. In 

• SJ^tne places the fcTrce of the vMtivt;s of the sea-q«ak^ was sb strong 

^ th^it it bri^ke down hoises, and numerous people lost,their Jives 

owin**' to Jt. *• # • • • 

According to (}. I’iatahia*and Omori, the llfdghi of the waves 

exceeded* on some poinf^ of the coast lo metres, and in many 

Others 7 metre^ Ornorj states as his opwiion,,thaf that sea-quake 

^s to a certaiif.exttnt caused by the tran.s*missioy^ji*the seisniic 

energy from the solid crust of the earth.to the watt;r of the .Straits, 

ljut especially by the subsidence of ihV. bottom of the sea in that 
» . • 
r^i4io:i. 





CHAPTER II. 


( 

SEISMIC ACTION AND NATURE OJ? 
THE SOIL. 


Coinpacl Soil—Loose .SojJ—M.arjimal Vibrotions—Declivities—Junction Linos be 

Different Soils—f.ravit)- Waves—'rhcii Length,^Duration, Velocity -^'’onnation— 
Sefenic Action iri Soft (iroiind—Seismic Actioo'in Deep WellsAselection of tround 
^ on which te^i^uild. ' ■ > * i V. 

\ * * 

Close observatton of carthquake.s has [troveci that during the 
seismic action the soil, even within a short space, may be undep 
the acuon of forces having different intensity, direction, and phases ' 
from one point of the soil to tlje other. If, therefore, its cohesive 
capacity is not sufficiently great, the soil ,is liable to the formation 
of crevices aiid to clisintegration. , , 

It ” b 

That does not generally occur when comi)act locks are in 

.Vi- *■ . * . f • . 

question, but ^ it may very easily take place, in the friable and 
not '^'■y, homogenecKJS emba?ikments, and the crevices generally' 
, * p appear along jthe-lines of least 

-““T'CTZ-'V.'.a cohesion, i.e. of least r£sistcV.,.e 

--/'I / / \ ' » - 

V ‘ I,.' '' ^ of the mass., 

<1 ^ ^ f. 

" 1*1' fig- 2 , repretfents an 

‘ elas'fcic and, compact ma.ss^or 
ground, and A a layer of friablfi filling, E rn oscTTlating fyG"pnient 
approaches in the direction indicated by the arrow, the particles 

'' i8 
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Composing the? Ijiysr A are put into m^ion, and according to*the; 
Iciw (#f vis inertitp^xhuy will have a tendoncy to ^dh^nge‘their 
position, wh^le the layer A will tend to extend, itself horizontally, 
and therefore to disintegrate. , * 

.jAn obstaefd to the formation of crevfces are the soli^ramparts 
of the.mass J 3 by wjiich the layer A is enclosed. 'Intense one or 
Kn^jire ot* these ramparts should give way, so that tl^e support from 
^that side'failed, the lajAjr A would more easily disint§grate,and 
there'woujd be a stronger*tendency to the fonwitfon ofc fissures. 
The same would be tlie cast if^the mass of*thc layer A were 
weakened by rivers, ca1;als, or exeSvations "which traverse* it. 
It is presumabl^$ that, parallel to these lines of-weakness, insures 
5j»uld arise owwig K) the subsidence of the frial^* mass, which 
during the shocks would find no support on the pirt of the line of 
-weakness. And that has been corroborated by experience. I'liu-s, 
Sfkiya' found on the highest suntmit of a steej) declivity (ground 
clayey), at a heigfit of 38 feel frogi its base, the amplitude of the 
oscillation had been doubled owinsr to llie 

£5 . « 

absense o*" support for the soil from the 
side of the‘declivity^ 

big. 3 represents-a declivity witlf agri- 
•cultural filled-up and embaiikecf .soif on a 
mass of compaCt^rock, It is obvious that, 
in ease of telluric motions in the direction 
Tndicated by the arf(tw', the layer A wcwld not only’tedltl to djs- 
integrate. but al.so to be detached from case its adher*ence 

tb 42 should fail, a^I if the‘inclination is strong enough to over-. 





Kii 




• • 


^ r. Omori, Note on Afiplied Seismology, Part I. p. 345 (from the Transactions 
of the first International Seismological Cortlerence, Strasburg, t^oi). 
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BUILpi^G STRUCTURES IN EARTHQUAKE COUNTRIES^ 

( f f 

<fome the coefficient of frfction between A an^ /?,'there'will 
a slidfe of ^'tbwards the bottom due to gravity.' Other concRtion^ 
beiitg equal, this,danger will, of course, cncrease in th^ same ratio 
as the declivity of Z?. ^ , , 

Fig. 4 represents a piece oT embanked lan^ at ^he^foot of a 
hill. The 'point P where tlje sloping part of J:hp ground meets the 
' ' I • level part is ex idenily mueV exposed to I'M 

effect of seismic actioh. In view ^ the d^’f- 
ference in height between the portiorns A' and 
‘ A" of the embanked land—in view also of the 

I* 

contour^'form of may Ije expe'ctec^ that 

.jV and A" will vibriite diffelyently from one 
another. Moi\pver, A" Is liable to slide aldng the deplinc. 
this renders the position of*.^ very precarious. 

Generally speaking, it may be .saidthat a given piece of ground' 
will feel the effect of an earthquake very strongly when it is irn 
the jioint of junction b,etween'"grounds which behave differently 
under a shock. Whenever different kinds of .soil are in question 
this is true aU'o. even''when everything'else as disposed as'shown 
by fig. 2, which, ijegardipg uniformity of width aiid everything el.se, 
obviously represents the mo^ favourable condition for filled-up 
and eil.'oa'"',ked land. ' • ' ' ' 

• Let us consicter further and in detail the«-ca»j^ represented Jjv 
this figufe. Suppose the masi A to be extremely soft andrplastic— 
n^y, let us put an extreme case, and say it is hquid. Shocks which 
alternately agitate ili a horizontal direction the basin containing 
« this liquid will have the effect of producing Wfyec-on the surface 
of the liqifid mass, the wavei-producmg^pfocess being vei^y "mud 
more difficult als the liquid is de'nser and “pastier.”. Well, experi 
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. SEISMIC ACTION AND NATURE OF THE SQIV 

« • • 

#nce has estSbKslied the fact that, SurRig an* earthquake in very 
50ft, <Iiffused, sanc^ or marshy ground,'ex^tly simiflflr^waves can 
be observed, whose crests may be raised to wjn^iderable heights 
above the level of ^he soil. They * ijomltimes have, according to 
Oljlham, a me^n length of 30 feet and a^height of i fo'^. Some¬ 
times .when, after ^tlje shock was over, the^earthy nj^Sss was not 
^ifficieatly plastic to return to its primitive position, the wavt;s 
remained^impresscd upfcn the soil. Assuming that J'. mean^ the 
period, F%thii velocity, ancf*/ the length of sucl#waves, tWerc are, 
according to Omori,^ good fea.sons for asserting that T may be. 

one or ?l few more sdlicjnds, ancj.^f'somc 10 metres orjnore. 

* \ r . ♦ ^ 

Assuming /=.iio m., an^ /= 3 seconds, wo g'et Ft. *-,-,= 4 metres 

j)er sef. • *. 

' But'We can easily form a fairly clear idea of these waves, if we 
imagine a basin full of water and .shaken. "We will then under- 
sta«d that the crests of these wav%j must-be near to one another 
(and that means .short .waves), and on the surface, which means 
that in ve^y little d^pth ahere is no longtf- any tr^ice e)f them; it 
will also bd undepstyod that in the case of plastic matter of con¬ 
siderably greater density than w*iter the waves, will be slow. 
Nunicrous data^ coufirm this tjieory. • ,— « 

The })rod(iction of such wju'cs will only be fJbssiblc in ground 
\t Aose form can be altered without ^reaf force. In aI^other kinds 
of ground, it is ob»r»us frorft what we l^ivc said above'^'and as has. 

been pqjnted op{ by l)utt«n-—that the J'orm;*tion*of such wages is 

• • 

p. 441. ,. ^ 

“ R. Omori, O/i Seismic Insln/me/tis, p. 251 (from the Transactions, etc.), 

“ De JMoijtessus, /f>c. cit, p. 437*. • • 
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BUIIiP^NG STRUCTURES'"in EARTHQUAKE CQtlNTRIES/ 

c ' ^ ‘ 'fl 

jiindered and impeded by‘che^fact that, in order,to nfould the mafis 
in such a ^m^ihner, en<3rmous forces and very ^Veat intermolfeculiy 
activity would required. In such, cases the e^nergy com¬ 
municated to the soil !)y ^he seismic shocl^s will find easier 
ways to ppeiid its strength (further propagation! p^roductioi\. of 
landslides, vnc.)'. . . ■ 

' It is also easy to imagine the dieastrous cffectc which,, in vi^’* 
of their grtiat displacement, these waves—tailed waves /f gravhy 
—may have u^oK'buildings : a reason'why building on s#ft gJ'Ound 
, ought to be absolutely avoided. ' 

“As we have already se'cv..in the description of thb Tokyo 
earthquake on eoth,Juno 1894, the maximum hoivontal accelera¬ 
tion is, othef'&Njpditions being equal, greater q(ii s®ft than on haftj 
ground. This is explained by the reciprocal molecular displace¬ 
ments to which soft, pasty ground is subjected by the w/s inertite' 
under the impulse of the surfac6 waves constituting the principal 
period of an earthejuake.^. ». • 

The fact that the waves of gravity wire exclusively surYace 
waves, and acf,ompaniftd—they are even caused—by’ horilontal 
movements of the soft ground, makes us belipve that at a certain 
depth, where the waves of gntvity have ceased to^exist, the hori- 
zontar^ri^yements of’the ground, due to its plasticity, mu.^^ be 
smaller than at tlte surface. Extending our afgupicfitation a Httje 
further, we would come to the conclusion that also in ncKi-plasfi'c 
V ground tile reciprocal displacements of the pafttcles of the grounfi^^" 
and therefore tht^oscUlatioQs, are smallev at a certain depth than 
.on the surface of the soil. * „ ' * 

That i? what really occtils, and fAirti the observatil»e of 
Japanese seismologists it results, that at the bottom^of wells some 

I 
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SEISIllIC ACTION AND NjfTURE OF THE SOIL. 

• • • 

y or 8*metrtfs the motion of •thei rapid, waves recordecf by 
jhe leismic instriwnents was much weaker than at»the surface. 
This proves, according Omori, that thef effects of destruetive 
earthquakes are slighter in deep well^ thfcn at the. surface. 

We have,’‘hitherto, touched only tne most impoi^ant of the 
principal effects of earthquakes on various^kinds'of^»oil. Many 
5,Q;|iers flight b» fnentioned, siich as swellings of jlie ground, vast 
i^heaval^, deep precijkices, which affect not merelj^ ^the surface, 
stratc,; apd in addition t6* these, the formation ( 5 f smtjt craters, 
jets of water and sand, and "so on. All theSfc phenomena can be 
explah^l when the confj'tution of.j^J^^earth’s crust and the vafious 
elements of w^ich it is oortipiTsed are ^luly considered; ^t this 
^oes not come within the scope of our treatise. g' * * 

A most important point, intimatel}^ connected, with the locality 

■ as well a.’, the nature of the soil, and which ought to be mentioned 

^ere, is, as seismic history teachoi. that an earthquake produces in 
the same districts always analogous effects. That suggests that, 
the' causes, too, must bt analogous, and that each of the different 
seismic r*;|jions is bouivl to vibrate alw;^s in th? same manner 
and in the* same*direction, just as there arc regions which are 
subject to earfliquake^, and others«which are immune from them, 
so ‘each of the former is. suliiected in a ^iven mannye^hid flqt 
in any othe,-. ,/ . * ^ • 

*• Tha short considerations wl^ckli wd have hithe^ devoted to 
*^the effects of earulnjua kes vith referegee to the vSr'ftwB kinds qj' 
soil furnish u^ With criteria which must gukle fls in*the sdection 

■ o(‘ a place fo£^uilding •in seismic * regions—criteria regarding 

whifth, Jet us say at o«c%, there is* complete agreement among all 
authorities. • « 



BUILDING STRUCTURES 1 N EARTHQUAKE COUNTRIES./ 

t • • 

^ In the first plac^, the fteii^nic history, if the^e.b6 one,* of the 

district ought'to bfc studisd.' Note should alsw be made cX th^ 

, places in the locality v^here the buildings.have offered the greatest 

resistance, and hpw they fcore, themselves during the shocks, how^ 

they werelocated, how tliey were constructed, thdir ^heights, the 

directions »f tile walls, etc. Experience teaches that solid and 
. • • • . t I. 

compact soil ought «to be selected ; ia the plains ifs«well as^n hijljj;^ 

. country, buildings are safest on such ground. . 

t * 0 » j 

Avoi«l,heteAj(^'?neuus and friable soil', especially if it iy oWittle 
thickness and on a steep incline. ‘ 

Avoid the vicinity of n^'s, canals, aind interruptionif due to 
geolojj^ical causei^, siicli as-crevices', otc V 

'Avoid a]s 1 )\ii.ses of'declivities and, in genital, changes in th«'^, 
inclination of the <;oil. « 

Avoid soft, pasty, marsh)" ground, also filled-up and ( inbanked * 

I , 

land. ^ , 

, Avoid also the immediate neighbourhood of th*e sea or of lahes, 
on account of the agitation of the water by ihe earthquake. 

* *• e '. » 

* For the seismic' history of Italy, see M. liaratta, I /erretiioti d' palm, '1 urin, 

1901. 
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CHAPTER III. 

OiJsSEISMIC BUIIIdINGS IN GEI^ERAL. 

s * 


Resistance to^c Seismic Force—Ortfinary Houses—Mateiials p^tosed ; Iron, 

Masonry, Reinforced Concrete—Ac^antages and Disadvajj^ages—Houses with Free 
Wall*^MonoliiIiic Houses. ^ ^ ^ 

P'rom what we hKve said boioi.,, n results that in'very soli<!*and 
(^•npact ground, the. soil, under the inlluefice ofy^ei^mic forciSs, 
practically oscillates in a horizontal dy'cction, a’ncl that in other 
kinds ofg-oimd there may exist alsoVin important vertical com- 
ponent of the movement. 

In aseismic regions {/.e. not liatje to earthquake.s) it is gener¬ 
ally Sufficient if a buildiiig is so constructed that it will withstand 
the action ^f gravity, thiiugh in certain luicalities^ccount must 
'also be takeli of tlve force of the wind ; but that is generally quite 
a secondary coTOideratidn which mcnely concerns the, roofing. 

' I« coLintrie.s, howet.'er, whicli,are^iable to»earthc[ua ke .'i^(±onift 
must also be taken, even in the'most favourable ^cumstances (i.e. 
when the*building is constructed c^» harfl and solid gri'iitid), of a 
'^■'eat horizontally Vrmcillatin^ force. It, is therefore" olrl/ natural*, 
that ordinary hyfces which were not constnwtecT with a vie^ to 
suck a conting'^nejiHo not tilways holJ out. We take, however,, 
the oppojtunity of pointin*- otil here'Hiat if, in countries .subjected 
to earthquakes^ building operatiftns had always beew carried out in 
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BUILDING STRUCTURES‘"IN EARTHQUAKE COUNTRIES/ 

* * « ' 
^ * It 

;a perfect manner, pr evdi cfniy in accordance, with the ‘ordinary 
rules, there»\^ou]d^aye been no such very grtat disast^ors is tlje 
history of earthcjujkke^ has had to register, because a good house 
well constructed, of goiH^ni;i^erials and with perfect worknianshij> 
can alwajjl offer considerable resistance to the disirfte^rating acjtjon 
of seismic movements. I hat has been proved by long experience. 

I he- mate|iaL» most often jtroposed for bfliiding irj^ seismif.^ 
regions, or a^t least as princi|)al elements oiconstruction,^re timber' 
and iron, •• ^ t ^ ^ 

Timber is ver)* suitable: it is Mght, elastic, a bad heat-*con- 
does involve technical dl^culties. 
From these pomts of view timlj^r’Ts*even the id(;al material. It 


hits, however,>^s disadvantages with referenc^ to «its preservatiof^. 
to cleanliness, jwid, by far,the most serious of all, the danger of 
fire. It is notorious that very often after earthquake.-jd ctmflagra* 
tions break out, and consecju(/ntly that defect of timber as, a 
“seismic building material” i^ doubly grave.* But at anyn-ate 
timber can always render excellent service, especially when 'light 
constructions are reqSired to be rajticUy erpeted. It* is (»nly in 


Ctist*s of thaukiiid that its (■i'npl(.)yinont sccins/*oHlly advisable. 

Iron is also suittible, bul» less so tha*n mighf appear at first 
^igjitl’does not offer good^resistance to sonflagrations, betause’ 
ynder the action^/ fire it softens and gives moreover, it is 

easily corroded. These drawbqicks tire so much the mone seridus 


,*as iron t^ff^tfuctions are v,ery expensive. • < 

,\s a type of'ordinary jonstruction, « would fn, our opinion be 
, above till advisable t<i chtiose masorfry in b]f'cks or reinferced 
concrete, which latter material* begins to*bl- widely adopted also in 
this kind of work. The use of m;rsonry has taken joot in Italy to 
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ON SEISMIC BUILDIN&S IN GENERAL. . 

t • • 

• t • . 

Sttch an extend, it offers so manyfed^antagys, that it is douljt-; 
l^s afivis^le to attempt to adapt it todthe,sffecial *reqviireme.nts 
of the case instead of declaring it unsuitalfle,( or even, as s< 5 hie 
experts would havejt, banishing it enfire^ from seismic buildings.- 
Certainly ma^ortry^—composed, as it is, of rather heavy*materials, 
not "very elastic, fragile, and, owing to its being bomid together 
ity, ^mort'^ whose* tensile strejigth is generall-^ iiscertain, easily 
‘disintegrated—is not tiie ideal material for this kind of work. 
Neverfhel^jss it does not'^eem impossible to «lflain, »by strict 
observance of certain standard rules and by Employing only the 
very bes^ material and l(iJ)our, liousf. i'f?i masonry which will rcAist 
earthquakes. I * . . 

As regards .reinforced concrete, the atl^inta^s'it offers *in 
ordinary constructions are now generally- acknowfodged, and in the 
ease befoi’.'^ us these advantages, viz. perfect security against fire, 
a^ well as great strength, lightness, and rapidity of construction, 
are«of even greateV importance. TJiat it ijp perfectly proof against 
fire Has been proved iTy tests made in several places.^ The official 
report* of tlie tc-sts pirricd out at Gand Ays : —“^'he buildings 

tested were*exposed,to a temperature of from 700 to J 200 degrees 

• « 0 0 

Celsius. It wifs found" that only the parquet had, been slightly 
• daiTiAgcd. The resistance and elasticity of tilt* floors had^ ifkitie^ 
unaltered. As a ,lmat conductor it has been }1f?jved to be ver.y 
slow, for,* while one side of a wall ^2* cm. "wide was in coBtact with 
•H.e, it was po.ssiblAl» hold ctoe’s hand t^ainst the other-sitle. ^ * 
Its rigidity js'proved,'fw/er a/ia, b*^ the following" tests fpade 
in ikris by eng'nc.tts of tlie Paris-Orleans railway. A weight, 
of too Ijgs. falling fro»n*a height‘Of 4 metres produced upon a 

C. Gukii, Le Castruzioni in BcMn ylrmato, Turin, i(J67, p. 107. 

• < 
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BUHyDING STRUCTURES*'IN EARTHQUAKE COUNTRIES/ 

t ‘ " 

.floor of reinforced (joncrel!l^ vibrations of i '2 nitp. maximum ampli¬ 
tude, whicl^'were'ej^tinguished in of a sec®nd. Up®n k flopr 
of'iron beams with- brick vaults, of abouf the same width, a weight 

f 

of 50 kgs. falling from ^ nv^tres produced,vijjrations of 7'8 min., 
which wtge extinguished in 2 seconds. The wei^lt^ of the sein- 
forced cont^ete floor was 300 kgs. per sq. m.^, and that of the-iron 
floor 4S0 kga This shows howv much more frigid i^einfofced^’ 

. t . / 0 - 

coiK^rete is than iron. ( ^ 

Thfe''greatV(>,istance which reinforced concrete ofTef-s to 'static 
and dyn.unic forces^ entails as a natural consequence thejightness 
of s^h constructions. ' -iv, ^ 

It is not necessary to- allude to^ tlie other advantages of rein¬ 
forced conciet«4 such as freedom from maintiyiance expenses, b^ 
utili.sation of tht iron, ;m4 the latter’s perfect [irotection against 
rust, since the.se advantages refer in an equal degree ordinary 
buildings of reinforced concrete,'"and are well known. 

As re!gards the defects of reinforced concrete, they u.sually Srise 
from the non-observance of the proper rules of construction.' To 
these defects tjiere is, hi our case, added»ano 4 ier and more Serious 
one, vh. the difficulty of finding workmen coitijietent to do this 
kind of work, in places which are often, from the economic and 
incVjs“tisa4^.indpoint,''very little advanced. '■ * •* 

When in olalTri'rng a house its resistance esflhquakts has^j^ 
be kept ki view, two methods ?ijay be followed : either the different 
k-membcrl? tlic house may.be calculated so tiAt each one resists^ 
on its own account ;M)r thq house may bt plannei^ so that .h resists 
was a homogeneous entity, as a monolith. .second mCfilod 

would seeih to be the more* feasonable* <)ne. In that case it is, 
however, indis|iensable that the various parts of thg house should 
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ON SEISMIC BUILDIN(?S IN GENERAL. 

• • • 

* * ' .* * 

be»so well boufld. t<jgether as to offeil a^Veasonable certainty that, 

under ^he^fluence *>f seismic forces the whole house' will have a 

common vibration period, and not that each olia of the parts whkh 

compose it will vibng;e on its own accc^imt^ 

•We shall |ee h^tcr on when it will be advisable to felect one 

type,' and when the other. ‘ j 

^ ^ 

^ ^n tlt^ folluWmg chaptens, we shall first •f all describe a 
^^panese model of light |construction in timber, and, passing from 
this to reaijiouses, study ciEfier of the two tyjies n^fltioneflmbove ; 
for brevity’s sake, houses 5 f tjie first tyi* will be termed 
“free^-wall houses,” and ttlcise of thc-,^.,econd, “monolithic hou^s.” ^ 
Tlvesc studies wi!l be ajijfiied to brick mRsoiu|v and to reinforced 
'^ncrete. , 
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CHAPTE,R IV. 


AB53T;]^ACT^0F JAPANESE. kULES FOR THIF 
CONSTRUCTION OF EARTHQUAK]^"-PROOF 
, WOODEN HOUSES.* 


Foundation- Kramcwotk—Founll.Uion Sills^-Foot-braccs- Pillalb—Junctions—Roof 
c Roof-feline—Joints'^ Junct'on of two Ruildings—Materiah—Conclusion. it" 

< f ' ' 


F(i‘iJNDATIONS. 


/ 


Tuii material for the foundations may be one of the following 
three; concrete, brokcp- stoned stone blocks. 'Fhe concrete 'fnay 
be made of cement or of lime, or of a mixture of the two. Of 
whichever kind it mayme, it is always pi;-efervble to bPokeil' stone^ 
or stone blacks^ Concrete made of cement •is’’ the b.est material 
for foundations. 

<* # ' * ^ * I 

•If tW^T.’-ound is tdo soft or humid,'"the fifkt work in making the 
foundation ij to drive a frame of piles into then ^ttyund in ordet^^ 
obtain a "solid support. LestT ^nay be dope if the ground is dry. 

' Fpr the*^foundation to be'placed upon the, groundwork large flat 
stones should be sfflected, and they, .should protrude above the 
p-ground by one-half of their thickness. These st%if*s form the* 5 ase 
of the building. 

Publuati^s of the Earthquake investigation Committee, No. 4, p. i. 
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EARTHQUAKE-PROOF VfODDEN HOUSES. 

I • 

« ' * '• * 

cons-TrIjction of th*e‘framework. 

In constructing an earthquake-prool Souse it is* deecBcd 
advantageous either to erect the pilhirs upon horizontal beams, 
called “foundaficn sflls" (fig. 5); or to unite them by means of a 
beam hid down laterally against the foot of each one of .them, and 
“^galled “ fbot-bracg*’ (fi^^ 6); or^to use two picces^f ymEer forming 
m double ^lar, between|Which the foot-brace runs (fig. 7); or fo 



Kit;- 5. d'lc.. 0—* 


Tay down tiXai foot-braces on two opposite sides of. the pillars 
(fig. 8). If, in-the. ca^e shown by fig. *5, greate/, stability is 
•required, a .solid junction of tJie**pillaf with tlie found atio iytiirmay 
effected by ingf'*!^ of'iron claiujis or straps.***!n ^dopting tlie 
method sSown by fig. 6, foot-braciq^»must be used whose thickness 
•fs* greater than on^-(hird of'the thickness of the pillars. * A dis-’ 
position jn accordance* wisli fig. 7 reqfijres a» ^!:tra-s'trong pjllar 
for^^h corner of ike building, notwithstanding that the pillar may 
be weakened by the foo%-lft'act. AiitTther method consists in using 
a quadruple pilaster, as shown in figs. 9 and 10. In shat case pieces 

31 






\ . EARTHQUAKE-PROOF WOODEN, HOUSES. . § 

of||timbef of 9uch% dimensions as ta ^ exactly into the space 
betweefi fh^ four upright timbers must be jnsqrtdd at distances of 
2 or 3 feet from one anoUier, and fixed witli iion wire or bol&. 
This arrangement prevents the pillar fnomysending or twisting. 

It is advi^tle ^that the foundation sills and the fopt-braces 
should, ^t the fou. corners of the building, be pressed wjfh a brace 
ffhd fixed Uy bolw, hs ii\figs, ii, » » • . 

JT^d 12. ' ) 

In-all «|ses where the 
brace system has been adopted, 

one or two horizontal tliffSimh- 

• ' 

braces should be ^apiilied to the 
jOTiars at different* heights; they 



w.* 


have to be fixed to the pillars 
by bolts, asyn figs. 13 to 18, 
anc^ blocks of wood should be 
inserted on either sid<‘ .o^. the 
through-braces, betweet the 
latter and tkfe pillars. <» 

In the spaces between one 
pillar and the other, -where there are neither doors ijcir windows, 
ftnd \hhere the outsid* appearance ’is of nf) imiKmj^ajarsj, it ^s 
advisable to place struts* and fasten the same %* the through- 
braces and* pillars with bolts, in or^ler to avoid notches* in the 
jHKars, which would \tt*a sourCe of weakn,^ss in them. ^ , 

The IprizontaNbcams tfsed in the frgmewc^t of the building 
^hoiTli»be fixed .tGb^he pillSrs by means of bolts, and at the- 
four outer, corners (whidi'are* weak**points of the coil^truction) 
they should bt; united among each other by L-Shaped metal 
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EARTHQUAKE-PROOF v/QODENl HOUSES. 

• *1 

str^s. ^ In plaCej ^-here the outside tipjxiaran^e of the building • 

is of no >V,niortance^ these beams are also bound to each other 

• • • 
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' . EARTHQUAKE-PROOF W«ODEI^ HOUSES. 

t • . 

..^The junctioft pfithe top ties with tly plars is made similarly to 
that oftli^.mllars wit^ their foot-braces, for the junction of the 
roof to the walls, it is advisable to make it as iij figs. 19! 20, 2f, 
either 'by holding thj upper part of pillar between double tie- 
beams placed^ ofi ,w.dl-plates, or by using double rafters and 



jetting]; tie-beams fall uj)on the«enoi,toof a [)ilkir. Ifi'oither 
the junctions arc made wjth bolt.vor iron str.aps. *• 

CONSTRUCJlON OF tAe ROOF-FRAME. 

This js done ia accordance with fi<^s. jp 111^24. The usq o: 
.mawtmls of too jas^e dimen.sions should tie avoided ; the scantlings 
ought to Jiave just the ipSe fequire^' to siqiport the we^ht of the 
roof itself with, the pressure of flie wind and the feurden of the 

^7 _ 
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EARTHQUAKE-PROOF VWO*De|j HOUSES. ^ / 

n^cessar^ to uee, instead of pillars of ji sjngle piece, a jointed pillar.. 
In sucl^’a case the^joints should be twc^ or tintee fe(?t above or 
below the level of the upf^ir story of the hous*e. , ■* 


r 




V 




\ 


27. 


Foundcition sills, foot-braces, throLioh-l)races._,U#o?-bcains, tie- 


beams, etc.* should be fixed st) as to have thyir 
somewhat protrudin<r. 


outer extremities 


JUNCTION OF A PORCH OR A-SHED TO»THE 
MAIN BUILDING? : 

• The old method V)f joinin<f by tenoning or nailing ha.s to be 
altogether avoidecl, on account of (is being dangerously defective. 
1 he two building.s ha"* to be bouiTd togtJther in the same manner 

as indicated for joining'Aie top ties to the pillars. 

^ mi * 

» •* ♦ 

• • . * ' ' 

. ' MATERIALS. • ' 

‘ ♦ • 'b 

(Quality and disneysions ofrthe-M'on are f)f oreat'ifruiortany^ 
building, and, consequently, gr<? 5 ,t attention rqipf^c:, paid to the 
?|u;!iity of mattl-ra^'as well as to the number and i^e distribution 
of the bolts. As tg^the washers,St is preferable that the^ should 
be large. • ^ \ ^ ‘ 

Timber-js liablp to shrjiking—a rVison why bolts lose their 
tightness. ^^^•'l-seasone«l tiyiber should therefore be used. 
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BUILDING STRUCrURES»'IN EARTHQUAKE COUNTRIES. 


CO#JCLUSION. 

< ^ 

' The essential .pc'ints in the construction of an earthquake- 
proof wooden building consi'St in the mode of makin|; the fevanda- 
tion ; in {^reserving intact in every beam its pow’ei* o^ resistance as 
well as its' proper functions, and if, nevertheless, some we;tkening 
qf the beam should be unavoidable, in rei^edyfng the defect by* 
e application of iron (which is much stronger than wood); in th«’ 
use, wbsnevei**i(r is possible, of constructions of triangular form, in 
accordance with th^' principle that U triangle has an unalterable 
forln; and finally,*in reinforcing the wT^ile framework with iron 
in such a manner, that all the parts are bound ‘together in one 
stdble buildifig. 



CHAPTER V. 

•*JAPANESE * EXPERIMENTS AND* fNVESTIGA- 
** , TIDNS REGARDING THE RESISTANCE. OF 
BiilCK columns. 


Effect of the Horizontal MovemeM— Short Columns— Maximu* Acceleration— St:ibi^(ty-=^ 
Uow the Force understwul to act Materials tested—Their Kesistance- S*. 
and Dynamic Tests—Concliisions. . •* 

As mentioned in Chapter I., Omori nbseiived that in'earthquakes 
the destruction of ^uildings may considered due to the' 
horizontal jconiponent of the movement. The vertical *0110 is 
generally much smaller and, rnorettver, the examination of damaged 
houses shows that the vortical movement, even though it be very 
great, cannot produce very serious damarr^^-exceat. of course, in 
£ases Vhete the fptfndattons of buildings subsir^e.* According to 
Omori, the walls of hpuscs of one or gjai^^ortes are liable to 
bret^c especially under the^roof, lowing to the distteCord be^egn 
the horizontal vibrations of th^walls and tho«jg^l^t[ie roof. On 
\his account, arRf also for the sake of simplicity, it aaTi be admissible 

ii- these investigations to. takt nccount only o£ the liorizontgl 

• * 1 . • « ^ 

component of the movement. • ^ , , • 

tVpnri_in his ^paper,' which we ftere partly take up again, 

• ^ • 

' ^y^ail^^PMicattons. So. 4, p. 69, See also tliu same aotlior. Note on 

Applied Seismology, Part I.,*section iv.^^from the Transactionstof the first Inter¬ 
national Seismol*gic Conference, Strasbufg, 1901). * 



BUIIJDING STRUcfuR'£S*«N EARTHQUAKE COUNTRIES, 
treats the resistance to fnfcturiivj: of shorL coluinnsr, i.e. 'of those 

' ■. . t . . fi . . • ' . *• 

whose height is not infip-itcly great in proportion to their thick¬ 
ness and to the anrfditude of the seismicjnovemenu which, in the 
great earthquakes, may be eassumed to vary between 5G:'' and 
200 mm. y . • ' , ■ _ 

Before nli, it will be necessary to know how the force produced 
by an earthquake ^ind acting u[)on a building mK.st be unclerstood 
to be applied, i.c. whether suddenly aftd ,repeated, or "gradualKk 
For that'qjur[)(t‘(*j the relation between tite force and its effect ought 
^ to be considered firs\ 

•It is well knoWn that a sudden tfjed repeated force pro¬ 
duces''-on an elastic body twice as great an effect as would 
have been tjie case if had been applied gradually. 'That car 
\be exqdained in the following manner. 

___Let us assune that A represents 

A O ^ ' diagrammatically (fig. 28) tne positioV 

of equilibrium I of a given body in it; 
natural state, and 0 the position assumed by it when lb ’ force I\ 
is gradually actmg w,')T?ii it. 

If the force A''acted suddenly and repeatedly upon the body, the 
result would be the'savB't as if the body^ whose position of equi¬ 
libria,n is iii O had boan displi'Ced to A. .■os a consequence,-tin 
body would b^* .ied into the position 'A', which is placed ai 
an equal distaiice and at the opposite- side with regard to tht 
r.’losition. of equilibrium 0 , and in that- manner oscillations woulc 
occur’. (In other vords, life strain produced bv the sudden anc 
repeated applic.'Uion of the force K is twice as • g^-aat as, 11 iv hue 
been produced by its gradual application.) 

When, therefore, the force is, applied gradually to an elastr 
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THE RESISTANCE OF‘BrIckI COLUMNS. / 

bpdy^he latter assumes its position of •equilibrium without having 
been set into vibration. ,. * • » 

If, however, the application of the force,t#kes place withiil' a 
ymeVhich is infinil^ily short in proportion to the proper vibration 
period of .thobbd^'’, the force is applied suddenly. • 

In«tlie case o/ an earthquake the horb.ontal'force must be 
^understood, as’rtgar^ls the^olumns in quesWoif, to be applied 
^aduallv,*for reasons that we. shall see later. 

By means of a shakiifg table who.se amplitudv*?nd difiation of 
oscillation could be varied according to the^wish of the experi¬ 
menter, and upon whitfi the column to be* tested was placet] 
vertically and f?xcd at^ its base, Omori* deterrjiined the strength 
of llexLirc of brick columns, the shcaring^tress proi^uccd by the 
motion (/ the table being negligible owing to Sie dimensions ol^ 
•the columns.' The Alight of these columns was several times, hut. 

• i . • 

as we have said, not iufut 'tlely, gi^ater than their thickness or the 
amjilitude of the oscill.'lting movenlent oftihe table. He made the 
table move in such •;! manner as to apply to the column a 
maxirjum •Iicceleratjon ji, in consequcnct‘*(?f iffTich the column 
was broken. * 


Comparing*thtyvalie A, thus deier/tuned, with the value a of 
theVracturing maxinfLim aecel<,jafk*n deduced ma thematica 


^ * •* # — ^ 

^ It .slltiuld he noted that, fruin expfviiiifcnt.s made Ijy Onion'trilnself (see Notes 



f'f 'Watertown, U.ST.A. (see Engineering Record, 23rd 
JyJjnmrvu^?^>'lc., it a|i|iea* tlim biiek masonry In haves almost up to bieakii^ 
point liK»an elastic solid, aid follows wiih sufficient aiipro.ximatjon the law of pro¬ 
portionality betv^'en strains and the corrVponding stresses. 
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BUILDING STRUC’i'UR^S-'IN EARTHQUAKE COUNTRIES 


< ^ I * I. i‘ 

^the basis of the strength ofthe columns (having, of course, obtained 

the value of"the strength,by way of experiment, the breaking force 

bdmg applied gradjiafly), which expres.sfiP, therefore, the degree of 

stability of the column unde.-- the action of static force, 0mori 

found the'csults sufficiently in agreement with, one, another and 

of such a nature as to give also practical value to the theoretical 

fprmul.’e which 'ga»-e the stability of ^he colurfin. '* ' 

The force in these experiments must-be undersfood co hawj; 

been applied J^adually and i'-n impulsively, although the motion 

was very viol'-'’* period of the bscillating table in the experi- 

ment.5 v.'iried from 6-23 to 0-89 second, aihl then the acceleration of 


the miyrement passed from zero to the m.iximum m a time of from 
o'ob to 0-2:^ second). '"That was owing to the very short natural 
^vvibration period of the column. 

With much better rcasdn it may be stAd that the force i.s- 
gradually applied when a real destructive earthquake is ni question, 
the period ot whose principal vibration is* probably one or two 
seconds, and therefore longer than that of i>lfe oscillating table ’ 

It must, thereiufiir be understood th^.t the effect df an (earth¬ 
quake upon „onc of these columns would be to 'tipply to its centre 
of gravity a static force; capable of givi-.ig lO) the column the 
nlfiJhinum acceleration A, or wise., if file cofumn breaks, and' the 
fracture doe.s' pot f^ecur properly at the ba.se of'it to apply to the^ 
centre t)f,gravity of the upper p^irt of-the broken columb a force 
capable “of givffig to that part of the column-‘the same maximum' 
acceleration A. j' 1 , 

^ By means of suitable instruments Otnori detbn.itne'd the rcnsfle 
strength of the brickwork of tiie^ columns (he had expcri...^..ueu 
upon on the oscillating table. , 
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THE RESISTANCE OF BRifcK iCOLUMNS. 

^ The •following^ arc a few tmpurtanl details concermng the 
material? used and their strength :— ^ * . . 

Omori used very gooci mortar composed cfT ojie part cc'lncnt ai/d 
two psrts safld ; he^ound that the te*isile strength of such mortar 
wa§ equal ^to .tlitit,of bricks of rather inferior quality, and, in fact, 
column* of such bricks were broken, by bending, partlytacross the 
^lortar and partly* across the bricks. \'^cry rarely ^♦as the fracture 
«iysed by die separation of mortar from the bricks. 

However, the tensile Strength of the mortar sftrease^ when 
it was used with bricks of superior quality. ^ 

In all these e.xperimafits the ftirce which caused the breaking 
of the material was applied very graduiilly. For forces jiflfilied 
suddenly, the strength would have been r^iiticed to on^.-half. 

In fart, as we have seen, the effect*of a Suddenly apjilied 
force is twice as grea\ as if the force ^lad been applied Statically, 
r^at is trui regarding all elastic bodies within the limit of perfect 
elasticity, and as regards bricks and slofces it will be true up to 
fraefure. for with the.s«|materials a rupture will occur as .soon as 
the linjit of.tlasticity^has keen overstepped. 

* rhe w’eight of the brickwork used wiw ^genefally 0'0603 
pound |)er cubii^incb (ei^^ual to 1670 kg.s.^fCrcubic metre). 

t X ^ ^ • 4^ 

ciiis made, to givt an Mist:p^/with th« materi al 6f a cok|n*n 
^line months aftiy its colistruction gave the foltSCfm^r results * 
TensFle strength of tha bricks, 142 English'p 5 tn«h»-f^er square 
Inch (i pound = o-4*4 kg. ; n inch= 25-4 mm.). •“ * , 

Tensile strength at tjie joint of ^le briclr with‘the mtirtar, 
71 inch.* ’ ^ 

'*'!%nllffP‘four tests, llie iflean result of which was 71 lb., are 
two in which ,the separation tod^: place clean at tSe joints. The 
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« 

mean strength for these !vvo was 37'6 lb., whicA miist be'regarded 
as the lowofit streKfJth of the^column. 

The ^jricks in (Question were of a, quality known as extra 
' second class.- t / 

The fr)r(;e was ap[)licd gradually at interv-ql-s* of from one to 
three minutes: ' , 

The teusiU; .'^rength of the bricks alofie wao found to vart* 
-for extra superior quality (all of the .same quality) between^ 2^ 
and 3(33 11*. ^r .stjuare. inch, mean swcngth 303 lb., for a very 
gradually ap|)lied fo^ce. It was also'proved, in applying the weight 
”'raihcr violently, thlit its application took^place in less than of a 

seco^J, When in that manner once 227 lb. and'anotber time 235 

’ « 

lb. per squt^re inch twjre applied to one brick, it did not break. 
Later on it brolSe undef a very gradual application of 356 lb. 

In a similar manner dynamic tests wercjfalso made of 189 and 
217 if), upon another brick without any rupture octurring, (^*ut 
ruj)ture did take place aVthe static test wiKi 257* lb. 

That denotes that the action was not/tyet even thee a sudden 
one, the ruptuit.- ..■Atwe dynamic test ncV, having occinjied though 
the tension ^tpplivd was much greater than one*“half of that which 
had produced the ruplUTb at the, static tes^^ . f 
*■ fi-n the.se experinvents thtiVpijsilw slreifgtn of the br4:kwork 
varied lroi-n»3^;7 ^30*4 lb. per square fnch. * J'his jrreat differ-j 

ence resujii.dr-pcrliaps to a ctytain extent from the quality of the 
*bricks, Jbr all "the columns were made with* the .same mortar; 
It sterns, ats we kave see^, that the tvnsite. s^trength of bricks 
and mortar taken together increase!? with the»"gofia qijf»ty of 

4 I 

the bricks. * • „ ' • . 

4 • * * * • * • 

It appears Uiat this stren(»th ^depends but little pn the dimen- 
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THE RESISTANCE OF BRI^K COLUMNS. A 
sions of the bricks or on their distribution in the brickwork, i.e. 

« * • i . ^ • 

whether that be madf with horizontal joints only, t)r with horizontal 
and vertical joints. • , * * 

^ strength seeeis to vary a great deal with the more or less 
accurate vyjukfnarwihip. In one case the mortar wastfound to 
vadhcre to the whole surface of the brick, in a. second case to half 
•oT It, and in a diitd only in some detached poiftis: The tensil^ 
st.ii!;|igth Wits 209, 119, and 61 lb. respectively per square Jnch. 
Vary careful supervision i.s' therefore, required in'flie execution 

of the work.' * - 

• * 

Oniori also gives, in tjlc paper from which we have culled 
above details, the theoretical formula' of the proljles (parabaifc) of 
brick columns of various sections of eqjB-cfl strengtl::^ of (lexure, 
assumiiig that they are of perfectly elastic material. These 
formuicC are also appHcable to walls ^id bridge j)iefs. 

• .In the following chaj ters we g^ve, with some deduction.s, the 
calculations of columns ;*nd walls of’brick^ and of reinforced con¬ 
crete! We have made V>icse calculations starting from well-known 
fon..ul;^ of building science, and following the^TSfas or Omori on 
the action of the seismic force. By another wity'^we.comc back 
again to t’l-", Vniid-t' tSready gi'.cP- by^Omori of the parabolic 
profde lo'r brick columns. * .^0 • ^ ^ • 

■j ‘cTlic xtiislriar..,f'mnnii 5 sion on A'luUs (loc. cii.) fouiicf th!f, vaults built of 
'nachine-iiiai^o, sulfiucntly rcsotan^ brick.s \vill»inortiir of slowly Poitland 

*unu:m (j pan ceiuem and^a'Ii ])arlS sau(J^, ajjc of the nia&onry..alx)ul li^month^^ 
had a tensih siu-iu^th Irom + to 6 kgs. per sq. cm.* 



CHAPTER VI. 

c 

CAI CUtATION OF BRICK COLUMNS & WAI LS 
O’F UNIFORM STRENGTH BY BENpiNG. • ’ 


1 '^matic Columns—Mlxunum Bending Moment—S 'ction of Rupture—Calculation of 
the Stability—I’arabolic, Kcrtangular, and SquareXiolumns -f.Walls-Weight-bearing 
Waiis—Application to the‘Seismic Forres—Numerical Example—Verification of 
Stability. . ’ 

' * 

Let us assume'that A BCD (fig. 29) is a prismatic coleinn, elastic, 
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The majtimum 


bending 


homogeneo as, erected vertically on 
level ground and imbedded to-the- 
section /iK Let this column be 
subjected 'along its frtte part to 
horizonial^ fqrces, disMibuted uni¬ 
formly along ‘ its axis, applied 
gradually, art;! capable of J^iving 
, “*,a the corresponding elements of 
' the column the acceleration a. < 

„ Let f ^be the value of these 
forces' per unit of the length of the 
body; 'c«, the /nasR of the body, 
also per unit of length. Vv'ethen^ 
have f= ma. 

nvoment M to which the column 
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CALCULATION OF BRICK COIsUlftlNS AND WALLS> 

is subjected o:i the part of the forces f will evidently be in 
correspondence with^the section ^/'Jwh^re tKe coluntn is fixed 
down. • . r, * * 

Le't F be tfie resultant of the forces*/^ and P the weight of the 
column acceleration due to gravity, and^we shall 

have 

' P 

F=-~a., 

j g 

0 

— being the mass of CDtiF^ When there is a quest}bn*of ffiiding 

the bending moment J/in correspondence with the section EF, it 
is admissible to substitute*for the /’s the force P' re.sulting f^m 
them. That force must, be understood tb be ;i{)plied in the 
centre of gravity of CDEF. If, then, h siginfies the hiight of G 
above the section EF^ k is equal to one-half the height of CDEE.^ 
We have 

• • , U^Fh^-^ih. 


Let us take 1 as the ndment of ineitia of the section of the 
solid, X the distance of the fiirthest distant fibre*-.’i'bm the neutral 
a.xis ", R the ultimate tensile or compressh'e strwss^ (the smallest 
of the two) of the^materiabof which the hotly is made—^it is known 
■that the maximum bending momqi^ jT which ilie solid fs capable* 
before it breaks is equal tb 


'M-- 


■ 4 . 


if it is admitted^, as we have| done, that Ac law of proflortiontHity 
betweer. lue su'A>s'*and thtf stresses manifests itself up to the 
if the influence of fhe colifmn’s own weight is neglected 
in the computayon of R. \ 
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• » • , 

The force F or the acceleration a which are capable bf causing 

• I ' ^ ^ 

the rupturfc of the colurpn af e therefore given, by 

/’ 1 ' 

' g -V 

Rig 


If we call)> tfhe weigh't of the matter per unit of volume, and 
the volume corresponding with /*, wo have and, therefore, 

f f, 


Rig 

"pVkx 


(i) 


1 h^ is, therefore, the formula which gives « capable of breaking 
by demure a prismatic 'column imbedde4 at the base, for those 
elastic solids for which the law’ of proportionality is admissible up 
to rupture. Approximately this formula can also bf’ applied to 
other forms I/ which the variation of sAtion takes place ve^y 
gradually. , ■ 

Let us make out tht^ following particufar case ;— 

A prismatic column of rectangular ilction , of sides 2X and b, 

t f \ j 

b being the side parallel to the neutral axis. , ■ ■< , 

Then ther^ is /= ~ V= o^kxb, and we 'nave from formula (i) 


1 V ?xgli 


Q) 


In this' formula the dimension < 5 * does, not figure, and it can 
ajsunre different values. Assuming '(5 = 2;r, <we have a column of 


square section; assuming b to be velsy great,, we have a wall of 
, constant thickness in its entire helgljit, and ftubject^'-'^stresses^ 
normally in its length. ‘ 

As we haVe said, our prismaiic solid n'.iust, at least theoretically, 
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CALCULATION OF BRICK COiUHNS AND WALLS/ 

break by* flexi re at its base, because the maximum bending 
moment is there. Let us now look |'or ^he ptofile of«a column 
which offers the same resistance to rupture *by flexure In everf 
section *of it. * We fan state at oncfe that it will have a more 
massive fo^mtaf the bottom and less at the top, andjthat the 
variations of dimension occur gradually. ^ 

^ • Let us call 5 the area of the base of the C'Jufnn and V its 
vohj[m*e, and* we shall have S/^y, y being the height, and k a 
numerical coefficient smaflef than i. Let us assume,*for iifstance, 
the section of the solid to be rtictangular, of sides 2X normal and 
b parallel to the neutnfl axis. There will "then be S = 2*0’' 
V= 2xbky. Callmg h the height of the column’s ccjiJr^ of 
gravity above the base or the section at Ity'd of the soil, the end 
of the column being imbedded in the ground, we can also write 


/?= ky, where k! is a coefficient smaller Vhan 1. 
we have from formula (?) ' 


1 gR\ 


that is,, 





, •''’aKing J- 



e * ^ f • 

’ This is the equation of at par^^bdla of wlych O is fhe verte3% 
Ox the axis of symmetry, Oy the tangent in th%vei4e», and which 
is related to thesc'axes Ox and C^. , 'I'he geo.iietrical locus of the 
points P which consfrute thwextremes, on one side Of the syipmetr^. 
axis Ox of the solid, of*theeides of the Iforizontal sections norn^al to 
the neutral is given therefore by a parabola, for instance OB 
'-K/Plirr'-yw:' This shows, thetefore,rthat the column has a para 
bolical form. , 


53 



^^«LpiNG STRUCTUlRB:& IN EARTHQUAKE 'COUNTRIES. 

' ( ‘ I 

After these premisses, let us try to determine the colliriin. 

Let < 5 ‘be ;« ^beinf^ a constant numerical coefficient^for 

Ihe varibus horizQntal sections. For ev/'.ry section the h and the 
r of formula (i) have to be determined. 



DeterPMnaiioiT if h. —What has to be found'is the centre of 
gravity G o'l a right, rectangular, parabolic'pyramid BOA with 
regard to the axis x which passes thijpugh its vertex 0 , normal 
to Oy axis and parallel to the side 2,v of every'hof.i-rJhfS s«3tion. 
Divide the pyramid into so many trapezoids, each'ef ihewrof- 

* Ifc ♦ 

the volume 2t;:bdy. The moment of one of them wi^h regard to the 
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axis .1' i:? equal to* 2xbdy.y. For the pyramid of base liA - 2X 
and height OC^y there is 

ry % • 

♦ I 2x/f(iy.y-OGi ^2x/fdy. 

^ i i * 

Calling g the paraThcter of the parabola, we have 




and therefore, 


J <! 




h=cG^y'- • 
6 


V K' V* 

■Kdy=OG 

* 

Iv, 

•y 

Determination of —/^= I 2xbity=2m\ .ddy. 

} o ^ 1 a 

• • 

Carrying out the calculation, and bearing in mind that r” - y.t'. 
Ve have ' 

' . / = — W,v-l' 

>* 5 * ■ 

o 'y 

Substituting now in.for*mLila (i), as /= —' w.C, we have 

3 . ,3 

2 mxytt xeR _ 

„ =- - _ ^ 10 * , 

t 1' 2 „ pv~ ■ 

.V, p x-vm • * 

S 


• * 

JT' # 


■ «) 


• • • 

The ilumerfcafcoefficieijt m is ar^jitrary, a«d, moreover, it does 
not figure in formUl^ (3). I Assuming ;;? = 2, we hat'e the^squai% , 
section, to which, therefore, the formula (3) is applicable. • 

V • r, • , * 

Le'. uS se-d-it another ilnportant case,, viz.; let b be = constant. 
The column is reduced to a Kne of*wall of constant length b, and 
of parafiolic profile. 
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Det'ermination of h .—-'Using the foregoing data, ^e have 


♦ * 

• t 


zxb^-.y^^OGf 2xhi/y, 


r f 'ixhily 

J " ^ 


and bearing in mind that =*• we obtain 


OG- 


zy 




Determination of V .—-‘We have 


V-- I ixhdy, , 

J • 


and again bearing in mind lhaty' —fr, 




//= - -aV')'. 
3 ' 


Substituting these'expressions in formula (i), as /= — we 

' • < 3 

have 

‘ 5 / 1- 2 , /V' 


/ 


■V' Pfxby 
4 / 3 

.. 


■. ( 4 ) 


In analdgou?"in 3 nncr the profiles c/ columns of'iiny section 

4 I ^ j f 

whatever .can be ■ determined. It will be sufficient to introduce 

' « • 

some slight variation into«.':hese calculations which .we have set out 
. . * ■ . . • * * 
in a detailed maimer. > In con't^igiiug, •a'c shliil ^peak only of walls : 

what we shall scty fJf them can with the grc-atest'Ajcility be applied* 

to columns in geneRd. •- 

’ e> . * . • 

• * ^Supfjosing'^ w*e are to construct a parabolicsal wall of height //, 
and destined' to support for every portioi]|.i^ of its^length a uniformly 
distributed weight D, for instance, a Voof I^eU'i^assunte that 
t^ie wall in question is a brick wall. ‘ 

Let CD (fig. 31) be the base tt> be calculated of ^this wall, and 
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M the^bendingj moment produced at the base of the waif by the 
ma^s of the roof, to which the acceleration a has been given. We* 
then have * * • 



Kk;. >. 


• • 

;o be erected has befn contiBucd»upi to the point O jof its profil«i 
If we call the voluHie of the part of jhe wall above^the ‘section 
and supposing^ the leiJj|th of the w^ll to be equal to < 5 , we^^et: 

• • f 3« 

Deing 24\, OE =y\. 
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* Calfing Py the weight corresponding with Vl, we^have /*] =pVy. 

Let hy te = th^c beigllt of the centre of« gravity G of A OB 

* * ^ ^ • # 

abo,ve AB. 4 ^ ^ 

The r^)of, of the weight P', is put upon AB^ • 'Ifhe weight Py 
of the portion of the wall is applied in G, and that rneans it 




9 t 


is distant from OD by H + //,=//+ ^ 

'4 , *^ 

us <]o*v give to the portion y/of the wall that height, 
i.e. let us make AB so great that w« have 


N. 


aJi 




The btise CD of 4he wall, the latter being calculated as 
continued up to *(9 and not bearing any weight, will bs. the same 
as tor”the waiii'’-uncated ajjfthe height IT t^d burdened with tin's 
weight D of the roof '|'he other horizontal sections 'of the wall, • 
calculated as if the latter were continued to 0 , will offer an excess 
of resistance in case the wall should be <funcated along All and 
burdened with Let us, therefore, 'ealcu^te the Vail as if it 
were unb'trdengd and coptinued to 0 , and being capable of satisfy¬ 
ing the last equation. • ' t t 

• Let, therefore, • . V • * ' ' • 

14 ^' * ' 4 


that is. 


P/f-P-imXyyy+y^Xyy^y. 


By formula (5) and by 




(5) 


tf,\ 



.calculation of brick C 0 LU|WNS and walls.^ 

(which is only.,formula (4) applied to section ^IB), we determine 
Xihndjj'i, ie. section AB itself. • , » •* 

• I • 

Ntimcri'ca! j£'x-«w//r.s-Jpupposingl/" = idbo^kgs., b=^\oo cmf, 
//= 70P cm. • Let uj assume as the weight of the brickwork 1^00 
kgs. per cubic jnctte, i.e. let/ be = 16. lo'* kg./cub. cm. Rearing in 
mind tlje results of Omori’s experiments, let us assume i?= 3 kgs. 
>l»fer scp cm., whidi corresponds with 40 I6. per squ^r# inch. To be 
more exact^A? ought to be increased by the weight per unit of area 
of the section of rujjture t)f ihat part of the wall whiclf is*abo,ve that 
section, the wall having to be ctinsidered as being extended up to 0 . 
Generally, however, in cf:*-iputing *R this weiJi# may be neglecg^J, 
the more so as in that case a safety margui is obtained. shall 
later on make allowance for it in the calculation of verification. 
Let us choose a coefficient of stability « = 4f)oo mwi. i.e. 

From formulae (5)1 and (6) we have , ^ -< 

2 t. Vi 

1^00.700=—ro 'o b 700. ioo.\, r,-t*-16. lo-*. V, 

• 3 * * 

,. 1 ;= 4:98^3 
■ '■ ^16*10“'.400' 

From {b'l we have 

• •.*..* 

And substituting in (a), 

^ • 

* *7-iO'^= ■ iS4,.r;“. 

'That is to say,^wc have an eqt^jffion of tha* fo«m»rt = 4- 

which cai! be easify solved by finding^ic Vhlete of a-. 

• • ^ * 

* We find that a',-r5 will satisfy the equatiern. * Subs|itutin|ji 

that value in {b), we have^4= 520 cm. * For the base €D we^ave, 

therefcJfe, ^ • ' 


■r, = 184. lo-.v, 


•400 cm. 

= -dk r i-« . 

■ (a) 

. . (i>) 


.r, =- 136^.11. 


r, = 5^0 + 700^=-1220, 


and sub*slituting that in* {b) we ol>tain ar = So. 

• • 
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(I i ^ 

The wall has therefore a width of 30 cm. at top and ot 
"160 cm. at the ha^e. In ppictice, the sides ^.ff'and CD of'its 
Vertical section will be unitet^ by straight lines, as in fig. 32, instead 
of by arcs of parabola. That does not affect ^the stability, ^vhile it 
simplifies ,rhe construction. , 

Calling P the weight of the wall per lineal metre, we htyve 

« • 

jU 160 + 30 £ -4 * * 

' r- -- .;oo. TOO. 16.10 ■•= 10,600 kgs., 

and it will 'be'applied to a height h above the base given by 

9 

, 160 + 2.30 700 

■ //= , ^ . i - = 270 , 

160 + 30 3 / ’ 

which gve have obtained from a known geometrical formula. 

The acceleration a of which we have spoken up to now may be 
understood to be applied to the column or wall in the following 


maiiiicr: 


Let us assume that /k seismic force enparts to, the soil .an 
oscillating movement wfiose maximum acceleration is a. if we 
imagine that simultaneously there should have been communicated 
to the colunlns and-'the soil an oscillating movement identical with 
that which the soil has really received and in the same directioig 
but of phase shifted to then the soil will remain immovable, 
and a horizontal force F may be upderstood' to have been applied 
to the column.* If, in accordapfe with what we have seen in the! 
preceding chapter, the ircigiitaif the column be h'ot injimtely great 
compared with ' its thickness and the amplitude of the seismic 
movement, the force F of'the earthqufjke may be understood as 
having been applied gradually to the centre 0.''“ gravity of the 
column. Consequently the formula; ^hich we have deduced in the 
present chapter are applicable to The construction of columns and 


I 
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• walls jn seism'c regions, but of course only in the case of short 
cofumns. The maximum acceleratio'n.of 4000 msi. per jec. per sec.* 
which we h^ve assumed as coefficient lof stability in our bumerica’l 
example rept%sents lin practice a very considerable value, and, 
generally speaikihg, it will not be required to base the calculation 
of construction Ufjcm higher values in seismic regionfi. 

’ Once a masonf)- column has been calculated according to the 
preceding formulx, it mighrbe advisable for the builder to pro¬ 
ceed in the usual manner*to the verification of stafbility. > It is 
known that the conditions oT stability reqiiired in the practical 
building of a wall are as Jhllows ;— * * iv 

1. Resistance to rotation in every horizontal joint, 

2. Resistance to sliding stress in ever^ ho'rizontal joint. 

3. Resistance to crushing stress in every horizrTntal joint. 

. 4. In order to ps^vent the mortam being aff(^(ivd by tension,' 

thtj resultai»t of the ^r^'cs must for e^*ry liOTzontal joint pass 
within the middle third of the base. 

‘Resistance to Rotat<i^>it —Seeing that we base our calculations 
also u{)on tl#e. tensile^strcn^th of tiie mortar, and that* we consider 
tf!c wall to be an elastic solid imbedded at its base,*rotp,tion is not 
possible. Incicj^ntally wf make the Jojli^wing remarks. 

According to Omori, w'htn ah^ailumns lin question are small 
^ind^simply put.w^ith their bases>m^^e soil, ^o f!ia» neither the 
period of*their rockingJiefore they are oveTtrtrned will Ije long in 
“comparison with the«period’of the earth motion, nor their tliicknesa 
great in comparison with J.he amplitude of the tellurif movenjent, 
the ar^umentS^t’down^iefore regarding short columns subjected 
to fltxure may be rep^cated* here, find the seismic force may be 
understood aft being applied grac(pally to the centre gravity of the 
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t f ' I 

^column itself. If we then call .r the semi-thickness of the cj)lumn, 
'and h the height »f‘its centre of gravity above the base, it is nece.s- 
s*hry for bverturniijg the collimn that fhe- turning' moment of the 
horizontal force about the ecfge of the basis should bb greater than 
the moment of the weight about the same point,'/,e ‘there must be 

a formula due to Professor C. D. We.st. 

As regards very large columns, the seismic force must, on the 
other hand, be understood as being tjpplied suddenly. 'In that case 
the overturning wil|ii^ general befome practically impossible, becau.se 
thekmplitude of the earthquake motion will not bosufficiently great. 

Resistance to Slidilie Stress. —Assuming -- = tan d', there is in our 

4 ^ C 


(1 

n..imfrir--.»1 example — = o'41, and therefore ^ = 22°20', which means, 

‘ * 

'* ' } 

the resultant of the forc^ applied to every joint forms with uhe 
vertical an angle of 22° 20'. In order to prevent by friction the 
horizontal joints in a wall sliding over'teaK.'h other, there must be 
^<35°. Hefe there*would, therefore, bet-no .sliding eVen if we do 

% 4 *■ i j ^ 

not take the resistance of the mortar into account.' 

« « 

Resistance^ to Crushing .—us consj'der 'an ejastic, prisnj-atic 
* setlid whose every t'rf.nsversal ^seeJorf pres'enti! a symmetry axis 
normal to the Ikie bf intersection:' of the pl&ne of the section with,” 
the plane^containing'iiie resultant force acting on the solid, nnd 
Ti^ose jtbres e'ippose equal resistance t6 tensisn and compressietn.' 
The.neutral*axis will then coincide in efcrv section with the axis 
of symmetry, and the farthest comprbs^jd fiBre'.Ss well ‘as the 

* See also the note on p. 6, Chapifer b, relating t<^ the'non-horizontal accelera¬ 
tion of the earthquake. 
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farthest stretch<jd fi?)re will be at equal distances from the neutral 
axis. Let us call A the area of the transversal section of the solid, 
P the force along; the axi^j o^ that section, M ihe bending moment’ 
at the section, its moment of inertia, 1 the distance of the farthest 
fibre from tbe.ntytral axis. As is well known, the maximum 
unitary .compressive stress o-j and tensile stress rr,, ■ sustained by 
farthest distaliufibres of the section are : 


P M 


/’ _ M 
'A I 


(7) 


These formuke will appro;?imately stand also in our case of 
a solid with a profile sli_s 4 itly incfinecl on thb kxis of the sq’id 
itself, and not perfectly^ elastic. When we have to deal^y.'ith a 
rectangular section of sides 2.r parallel and ( 5 ’normal to the force 
of the earthquake, these formula; are translated into the following : 


. /’ I’d 

I 0/ 

P 

2.1 . Ii\ 


2.V . />\ 




in 


Af 


• t ® ' /j > 

% ^ / 

In our case, if we call A BCD (fig. '32) the ’profile of the 
wal^* the weight' /J' ia applied in ii, and the owVf weight P" , 
Vi G. 'The total weight./’ is applied in R in .qi.eh p manner tha't 

R rises''37 cm. above 6', or>307 cm. above AB, 

RB 

Every metre-run of the wall is, therefore, under, the actibn 
of a vt^rtical force.’ /’=ih^oo kgs., a'id of a horizontal force 

'F = 4 i 1,600 -4750 kgs. appHed in R. Our case is (fig. 32): 

.f’’ . j _ » ' 

d=ST=RS Ig S^'o'41.307 = 125. 
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« ^ ^ • 

solid, but iji ».iy* * *•* c;isc it is va&tly superfor tct (he value of <r 
lound here. Our wasi-caiftWrefore very well rbsi'st crushing. 

*•* ^ T^isile Strbtgth of the J/or/ar.-^Fron\‘the above it results 
thaf'“our brickwork is sul^ect to a ma.\;iniuin tensile stress of 2'68 
kgs. per sq. cm. We have seen tfia^ the 'tensile strcSigth of 
brickwork may be set down i«it 3 kgs. per sq, cm. The wall is •* 
therefore als»"able to resist the tensile stress. 
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CHAPTER VII. 

2ALCULAT1CN OF WALLS OF REINFORCED , 
CONCRETE. 


• • 

Walls with Doubip Reinforrenient—Walls of Little I leight with KijUal Stn-ngtii of V lexure 
—Wcighl-bearini^ Walls—Periodof Vibration—Inipulsivc Force -Centresot Rotation 
—Their Determination—■ Pai^icular CasH - - ExpcrimenUii Notions — Nuinencal 
Example -Very Hifjli Walls. 

Wk shall assume, for the purposes of this calculation, that we are 
dealing with a wall doubly reinforced by ve.rtic;tl ro^s of iron. 
3.3 represents thp horizontal sectipn of a portion of a wall 



Fu;. 31. • 



Fir.'. 3.1. 

♦ 


V f lensith d ; a, a are two rods of imh destined t» resist, the tensile 
stresses which tne. .section of .the wall Ijas to ^u-stain. Ihe concrete 
“admittedly will re.sistSpmpression onfy. Por the greater simplicity 
of our calculation we shall .»educe the settion represented by fig.. 33 
to that .,hown b^' fig. 34, we shall assume that the wall is only 
• reinforced on one side—thatohe on \*’hich it is subjected to tension, 
That is permissible in practice. 
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b\jILD 1 NG STRUCTIjRJii; IN EARTHQUAKE''COUNTHIES. 
Let us call: 

M the be'.iding viomcm acting upon the section. 

I the distance of the neutr-al axis from, the farthest' distant com- 

■ i^ressed fibre. , ^ * 

h the distaVice of that fibre from the axis of <tho reinforcing rod 

of iron.' r> 

^ < <• 

F the section the rod. i '' ' " t 

-Supposing that the iron is strained by J050 kgs.,/sq. ciA., and 

the concrete by 35 kgs./sep cm., strafns which are admissible 

for concrete of the usual mixture of ingredients, &ut of select 

quality. ‘ ' 

We then have' 


ii - 



M 

b 


i 


/'•= ' M 
240 

U ' h 
4 



(«) 


By these formula;, and given the bending moment acting upon 
the section', the latter is determined. Let us now tiy to calculate 
a wall of equal resistance to flexure. 

‘ V. 


Let us call P the weight of that p'art of the wall above the 
section with which ve deal; the. distance of the centre of gravity 
of tlie portiorf of the wall itseif from the section ; V the voluip'e 
^corresponding with'P; « rfre acceleration by wiiich the wall is to 
by strained ; p fhe specific weight of the reii.iorced concrete. We 


theit ht 


ave 


J/= 


pV 


a/=^ a/i 

s x 


r- 


' -See C. GuiJi, /<k. at., p. 81. 
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Assuming for simplicity that h = 2x, xr being the thickness oi 
the wall, and calling k and certain coefficieiit^ smaller than i ^ 
and in general employin^j the data alreacfy used in Chapter Vl.^ 
we haVe * 


.•)/= “ /•kySk’y = /A'. 2.v/)v-, 


in which K—kk 
* Hut from forTni'la (8) results : 


_ I /'ty 

yJ.h’ 


.1/= lO.vV^; 


and equalising the two expressions of M which we have found, 

1 ' • t * 

we have • ‘ , 

• 

^l6.v"i^= —pK. 

y’-Hx ■» 

a/’A . 

This is the ccjuation pf a parabola. Our wall will, therefore, have * 
a parabolical profile, ; nd from Chapter VI. ii results that then 
there is 


4 


/'= -.v/a-; 
3 ' 


wherefore, proceeding in analogous manner, we hape here 

• • 

T 1- I 


A'-- 


4 . 3 , 


and consequently 

being for reiiflferced cftncrdte ^ 25. IO■^ 


.r= -:--v 


> • 


..r = 37S->o’-^-,. 


(9) 


• • (9) 


It must be noted that b;? the iif)plication of this formula it i 5 
anticipated tlj^it the reinforced cor/crete will be strain^^ by the force 
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* ^ . 

‘ of the ^rthquake not up to breaking point, but onl^ up to ascertain. 

''limit which leaver .a very convenient margin ^for the resistance of 

•the walk « does, not t1ie<‘;’ '-cstT^ — .Vv, 

, -vy ol the Wall. As, howev^qr; the dimensions or 
devTce , ,f ' 

^liO. wall fjp not become excessive, we have considcTed jt advisable 

to start from formula (8). 

In case it ^i-hould be considered desirable to subject, analogous", 
(0 the brick w.ills, the reinforced concrete to a greater strain, it will 
always be possible to choose for « a lesser value than that of the 
maximum acceleration .4 anticipate,! for the earthquake. 

, A wall of a given hei.ght //■ which bears a giv^en weight P' on 
its top will, analogouslyAo what we have said in Chapter VI., be 
determined by 

, .K- 375.10^^. 

/ 

Numerical Example .—us set down P = looo kgs. per 
running metre, and // = 7 metres. Then.iW'e will have 


i.-'' 7 io^ = — .25. JO"'. 7,10-. io-..q,r, + s,S. 10" 


)’i = 375 -io'’ 


•vV, 


= 94.iqWi. 


Solving, tb:;se, two equations by attempts ,in an analogous^ 
manner to what we did in Chapter VI., we Ik'd' 


We obtain then 


.v,-6; 


.v, = 75o..« 


'' Our wall has therefore a ^-thickn'ess of 12 cm. at the top and'% 
■ 44 at the b^>ie. In practice it would be more convenient, for the 
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• • 
greater simplic’ty of the construction work, to substitute for the 

tw (5 parabolic arcs of the profile their spans^. ^ . • 

The calculation whith jive have Ijeen pursuing will 'only be 
correct if we *an assume that the force of the earthquake may»be 
understood, as 4 )e;ng applied gradually. Let us now se* whether 

that would be admissible in the case before us. ’ 

* « • * * 

• Omori ^ has found by way of exjitriment th.W'for a column^ 

i8o cn;! high and ti cm.‘thick the complete vibration period 
T was 0'2 second. From his experiments it rt^ulft further¬ 
more that, as it ought to be,® the vibration period of a column 
varies in direct ratio to *he squafe of its h^is^it, and in invqjrse 
ratio to its ihicicness. That has bcun verified by him for 
columns in solid and in hollow brickwork. As a general 
maxim, and ■’Iso in order to give an ‘idea hfnv matters 
stand, we shall assuipe that the sam^ results can be applied to 
our, parabolical wall of reinforced concrete, -tilthough certainly 
brickwork and reinforced concrete aVe bound to behave differently 
from each other. 

As thick^iess of the wail we shall take the mean value between 

the' ihlikncss at the* top and that at thp base, i.f. cm. We 

♦ • • • 

h.ave therefoie 



O'is’ • 


I J 


Seeing iha ' the period ^of a destructive fOarthquake may be 
•‘assumed to be t-o J seffonds, it cannot dre*said that thft, 

vibration period of in^ w^ill is very s*nall compared .with tfftif of 
the earthquake. The can, theriSIbrq, no longer be under- 

, stood^as being applied gradually. ^ 

•» 

' See Publications, etc., No. 4, p. 119. 
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• C 

Let us now examine what will happen when the force (iipplied 

to our waH or column is sudden. . * 

« • • . 

Let be a (Column on^a rectilinear lod in the ophn .space, and 

let’ the impulsive force F normal to the axis of Ahe column be 
applied tco- an extreme A. The column will theil' tend to move 
in the plane j’determjncd by its axis and the foroe F. Let us now 
look for the pO&ltion of the instantaneous centre dl that movemfe’nt- 
or gyration. That can be done seeing that at any' instaift the 



moment of the aiJjjlied force is equal to the 

i 

sum of the mdments of the forces of inertia 

I t 

"of the coliJinn wid'i regard to that instan¬ 
taneous centre, and that the sum of the forces 
of inertia of the column’s various elements is 
equal to the impressed force. < Thus we have 
two equations wdiich give us the positiop 
of the instantaneous centre of gyration which ■ 
we are looking for. 

We shall make*our research for .some 
specific case. We deal with a piece of a wall 
of constant length and triangular profili whose 


vertical .section is represented by fig. Let us suppose that 
i/e have to do wuth an elastic and 'homogeneous solid at wdiose 
base the fo'ce*"/''‘(normal to tile length bf the wall) is suddenly 
applied. , We shall iiall O the centre-which is be determined, 
an,d w.e shall' assume that the thickness of thf' column is negligible 
in view of its height. 

Let us imagine the piece of wall tc> divided into eleibents by ^ 
so many horizontal sections ahtvqry short distances from eacbother 
(the distancefto be called dv), an(l let us call x the distance of one 
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<• • 


of those elements *from the centre O, and z the length *of the * 
piece of wall. -The volume of one of those^ element tiinrS is/ 
then approximately givgn by rs.z.dx, i.t. if we put 
by 2 tan ^{b:^x)zdx, and if we calf p the weight per unit^ of 
volume, and ,.f.the acceleration due to gravity, the ma^s of one 
element is equal to 

1 ^ . 2 tan /!(/> ± x)% A", ^ - ■ 

^ • 

* ' P 

and that means that if we put z— tan P.z^C, the saic^mass is equal 

* • 

0 

to C{b:hx)dx, and we shall understand it t ) be concentrated on 
the space dx of the straight line ^fd). * * 

Call (-1 the angular \;,elocity possessed by the column during the 
impulse in the instant A The velocity t' of an element distant by 
a- from 0 w'lli .hen be«>a-. Its derivate is equal to 


• til ' dt 

and represents the acceleration impressed u])on the element we 
are considering. The v'is inerfirr correspondiinj with it is equal to 

* , , , ‘l<'> 

t(li + .\)dx.x - . . . 

' 

As we have' already ob^eiwed, the moment ol* die impresse^^ 
force P' with regar i to must be,equal to the siin^of the moments 
of the fortes o'" inertia of the various elemeiits of the column, as 
there must be 'at%^j;ery ii^staift e(|uilibrium between‘the forc^ 
applied and the fordfr- o£ inertia. • 

The moment cf oi.t^ oh the forces oWnertia is 
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and consequently, if we put = Q , 


1 V‘’ 

,•/' * q 


T).v2<^.r4- 1 J 

1 1 

Jt J 


* 

t * • 


ai/d, makiijtr the inte^frations, 

r- 

,J<a = Cl- + - ) = C, - + - + - I 

* ’X3 '4 3 4/ ‘V3 4 ,*2/ 

* 

Equalising the forces, we have * , 

' ’/<■= C’lj^!' (/; + .vUv/.t-I , 


, ■ («) 

f 


C, 


rt'* ^2 ^ /r \ ((2 /,3 


f - — + 
2 3 2 




From ilie equatfons ((?) and (//), if we multiply the second by a, 


wc get 


t « 


a'* l>' Iw' n* H'n 

- - + K + ■'-1" “ , .< 

X ( 12 2 3 () 


I’utting in that equation />=//-(?. and soK'ing it with regard, 
to a, w'C obtain 


Jl 


The Centro of rotatw'n is therefore, in this particular case, at 
half the height'of the wall. < . ‘ , < 

' Let us now comp'jte the ca,se of a wall or ciS'liimn whose thick-^ 
ne.ss is constant and, hi-view of its height //, ne^ii^gible .while the 
qhrection of the ’Impressed forqe, ypplied at its base, is normal to- 
the length of the wall. _ ^ 

The force of inertia wil' have, for e^/^/y elc^ment, the constant 
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C • 


dw 


and plotting CV- G j , we have 


{ 

and irttegratinp, 

# 

We* have, besides, 
i.e. 


Fa F C 




= c 




U) 


/'-Cjj j' .T(/,V- I .Vrt'.X'l, 




I'hiLialising the etjuati^ns (^) ar^Jcl {d), we gtti 


frc 




vhich, /< being = // — results 




which means that fit the case of a ivall of constant thickness the 
cen're of rotation is of its height, • 

In a like manner the centres of rotation of .columns with other 
profilt'; can be deterftiined. 

Omori, plotting together the data resulting from* various earth¬ 
quakes, found t^at, as rbgpjdj long chimneys, the‘Tuptiire takti^. 
place a little above/the centre of watation, whid^is.it the .same time 
a steady Jioint, '/ gd he gives^the following experimental formula ; 


^ J I 'ooo . / ) 


in which a' represents t\'^^ight at whTch the rupture takes place. 

Ip order to determine the stret^th of our reinforced concrete 
wall subjecl^to an imftressed force, we shall applj^analogcilisly 
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to Omori’s mode of proceedino with regard to ^himneys'—the 
formula (8) : , 

' ' < , I /M 

to ' the section of rupture of the wall as detei inined^ in the 
Once this section of rupture has bceh found, we 
:an proceed tii, if we had to deal with a gradually applied,force. 

The calculation of high reinforced concrete walls, the thickne.ss 
Df which, as a rule, is very small in view of their height, can 
thso gOnerally be made in this manner. * 

I 

NinncricalExawhlc.— Returning to the example already stated, 
efus sup[)()se that the wall has a constant thickne.ss h - 20 cm. 

The .height of the section of rupture is given by the formula : 


L \ '2 I 

“=T'i '3 7-or+ 0-67.7. (O'- I =.165, 


being 


-II. 


In our case the bending moment M of the formula h 

2 V 


j /.!/ 

2 V // 


is given by the mass applied at the top of the wall and by the 
mass of die oart of the wall above the sectior of fracture, to lioth 
□f which the attion of the earthquake has been gradually applied. 
Tile second of these; forces is ap[)l'ed at the centre of gravity of 
the .saul part of the wall, i.c. at, 117 cm. from thp section c‘’i'upture.,. 
The weight of that part of the wall is ^ , o > ' 


CoifsequentJy we have 


35. 100.3C,. ’5.10 ' = 400 Kgtj 


j (1000.235 + 400.117)^115.1 


' F. Onioii, Piit'liaitidiis, etc., p. 123. 
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and, sijl^stitutini^ in formula (8) for the letters their values, 

• / — •. - * 

% 2 V 10“ ^ » 


9 

9 

# 

« 


The wall must; therefore, be 17 cm, thick. • 

If we call .*2 and the corresponding values of .r <ind y for 
the section at the height of the parabolic wall.'and applying 

TcirTtiula (4), we get; 

. .r.;=75o + 235 = 9S5. 


and that is say th.at the wali at that height is 20‘4 cm. thick. 

It may without further deinorfstration bdlconcluded that the 
parabolical wall of which we have given the calculation would 
resist even if the force of the earthquake .shoukl have '.o be con¬ 
sidered as b-'kig a[)plied im])ulsiveiy. ‘ . ' 

Theoretically speaking, whenever the wall with which we have, 
go deal is very high and of constant thickness, »nd not rigidly con¬ 
nected with a rather ample and deep foundation, it might also be 
ove.turned. But as a mtUter of f;ict very high Structures, as we 
have seen, a'-e, never overgyned ; also, Omori ck)es notjeven hint at 
high chimneys whiclf had been overturned. In orti«-:* 4 ;<i*itlake that 
possible, it wSuld in the first place be necessary that the amplitude 
of the movemei.f of ihf! soil asf^me much higjief valfles than tho^ 
which have beeiWproted to oociir in des'Cri^tive earthquakes. 
Ralhei than bc^cg overturnjid, the cljimneys" will break. Thus, a 
-circular chiiiiney br\^* the* height t)f which wa» 3(? metres, whil^ 
its external diameter Ik the base wa.s^g’jo metres. At any rate,, 
by the use of suitable igiAidations evel^’ danger of the wall being 
overturned is excluded. ' I • 

There i'^no need of other verification. 
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CHAPTER VIII. 


FREE-WALL HOUSES. 


Disposit'on'*of tne Walls - Foundations—Orientation of the Walls—of the 
House—llrirks and Riunforced Concrete-- Partition "'Vails—Roof and Floors — 
Applications. 

0 ' V 

Tmk primary condilioii fnr walls of houses of this kijitl is tiiat 
they can vibrate 'without impediment; it is advisable that tlicy 

should be disposed as inTiv, 36. The empty space- ‘ -"'des 

.■rive to oe nlied uf) with brickwork or 

also with reinforced concrete, which will 
adhcie to tlie walls as long as they stand 
firm, but will be detached from them as 
soon as they begin to rdbrate. 

Seeing that these walls are i." tended 
to resist each one on its own account, it 
is, at least th joretically, riot necessary that 
their foundation:, should invariably bp 
ound to^ctl cr. In prictice that will, 
■however, be by far preferable, ijecairse thp^.,walls may not only 
be subject to stresses of fle.xure, or vo 'tresses of flexure and 
shearing, which they are calculated to r, jsist,'t.ut landslides may 
Occur, or other phenomena which might alter the original dis¬ 
tances or the Reciprocal position of the bases of the vTL 
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FREE-WALL HOUSES. 

which ^ould probably cause the ruin of the building, notwith¬ 
standing the resistance of the walls themselves. , _ » 

If there are no impediments to the free orientation of the* 
buildirfg, and if the direction of the maximum intensity of the 
earthquake^' in Alic place is known, it will be advisable^ to place 
the main walls at an angle of 45° to that direction, /'. The 
-re'^aroh isitbvious? If we call . / the maximum hor''",' ''tal accelera¬ 
tion of the tarthcjuake, the •maximum acceleration by which the^ 
walls will be strained ndruially to their front side will >oe^ equal 
to A cos 4^°, f.r. to about 07 A. This extreme case is more 
favourable than the othet extreme in which Ithe direction of the 
earthcjLiake woulcf be [parallel to a wall. ^In the latter case there 
would be some walls strained normally by a maximum e jceleration 
and som - others would not be strainlid- normally At all; and 
in such circumstances the collapse of smiie walls is evidently more 
i;kt;ly than in the other case, the more so as )the walls are inae-*” 
jiendent of each other, so that it is even imimssiblc to uphold 
the assertion (erroneous also in general, though advocated by 
some people) that, inasmi’j;h as walls which an; bound together 
mujjal'y support each other, it would be advisaUc^^v^^ike one 
part as secure as possible, as a support tor the others w hich are 
more exposed. ’ ^ 

As regards the' height of the*building, if ihe^wahs are para¬ 
bolical OTios, iynust not, as a rule, jcxceed 1 certain limit given 
^by the vibration pe^yd of’the*waHs thcmselv&.s. "As has^beefl 
seen, the latter have 1 ? en Calculated as^not tnjinilcly high coliTmns 
whose Oscillation m"riou5iii*very small *compared with the period 
’ of the earthquake itself (or *whose| height is not infinitely great 
iii...--;e.,'’ thickne^ or of the arSplitude of tht^^e a^th^u ake). 
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t 

f . ( V 

With brick walls it would in practice never be possible tp arrive 
at a sinvilar heicdit, owini>- to the excessive dimensions which , 
would kave to bp given to the base. ^ ^ 

^ Very high walls would have to be calculated pJififerentry, that 
is to sayj. as'if the force were suddenly a{)plicd. ' '' < 

' We have refrained from developing this calculation for brick 
walls, becau. '' we do no't consider it advi.sable to erect very High' 
brick buildings in seismic regions. ■ < 

As Fugards the use of reinforced -concrete, it is, as we have 
seen, very suitable for this kind of work. In fact, ‘the walls do 
not assume an eiuiggerated tlT'ckness, while having the required 
strength, and it is practically always possible to give them a 
suitable fo'indatioh to prevent their overturning. We have given 
the calculation of such walls also in the ca.se that. '' V'ng to their 
dimensions, the seismic force would have to be cemsidered as 

I - * 

'‘being applied suddenly. 'In quite analogous manner brick walls 
in the ..ame conditions can, if*required, be calculated. 

The partition walls must be either so very light and weak-that 
they do no,t disturb the vibreitions of the main walls, or they must 
leave ab.'.g‘.jides sufficient s[)ace to admit of all the walls vibra-iing. 
The empty spaces at the sides may be fdled. up in any convenient 
.:r..'.nn«r. ' ' . <• ' 

The roof n>asi be free. Tiiat diminishes the bending moment 

• O' 

of the walls and allo’.'s them to vibrate freely. ' v.- . 

' If there ate fkxirs, it is advisable that theJ/.,should rest on beamc 
which cross the thickness ef the walls fn (aich a way as to leave 
them free. *' “*^1' 

‘ At the same time care iraust be taken that the beams pro¬ 
trude SQ^mjtlih outside that they do not lose 
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« 

during^ the oscillations ol^'the wall, even when they are of great 

magnitude. t 

Regarding .=otne det;iils of roofs and floors which are applicable* 

also iif this case, sec Chapter X. 

The form of^the walls (very thick at the base when brick walls 

are in question), and the necessity of laying out the-various [itirts 

<«of I’^he building J 5 * such a manner that thtq' can vib’ 'e freely, are 

sure *0 prevpnt this mode of,Duilding houses being widely adopted.* 

There are, however, casts,in which it is the only mode ' hich can 

be recommended, notably if the buildings to be constructed are of 

vast dimensions, such as large s^heds, coveted railway stations, 

th(;atrcs, etc., when, owing to their extent, the possibility or the 

convenience of a structure destined to behave; in flicc y an earth- 

(juake, like a monolith, is not to be thought of. , 

A small observatory with jtarabolic walls has been constrticted ^ 
* 0 

i t japan,' and it has now for many yeais resisted well all shocks. 

It is built upon a basement of cjjncretc, aiad has a suf»erficial 
area of 83 .sq. in. The walls are. 5'50 m. high, and of thickness at 
the top of 7 m. and at the base 2’,;|o m. The base of,the walls is 
insc-ted into the basement and forms one and the samc''- 9 dy with 

the concrete (M'the latter. The roof is free. " 

♦ , . . * * 

' Dc A/c. afiy 513 ; /'uhUcatwnly rtc.y N(j.,-ro. 



CHAPTER IX. 


ON MONOLITHIC HOUSES IN GENERAL.^’' 

of'uic SfiTiclure—VMuations of the Walls—<Th*ey behave like Reversed Rcndula 
()i IClaslic S})rinj^s--lIeiL;)it of ibe Uotis^t- (holiikI Plan—Junctions beivveen the 
Walls - (ienera! Observations- Au essorv J'arts • Repairs. 

W 

This type of house seems to be more suitable for common use 
than free-'vall lioJscs. The difficulty lies, however, in enabling 
tliem to vibrate like'u” single piece. It is thereicv.c necessary 
, that their comjjonent parts should be bound together as much is 
‘ jSossible in a singkt homogeneous entity, and subjected, as far as it 
can be lone, to the .same stresses. Such houses ought not to be 
of very large dimensions, but of compapt form and based upon a 
very solid pjntinuous foundation. Omori,* during various earth¬ 
quakes,’^': roll the opportunity of making obsci vations and e?can?.ina- 
tions. regarding the m,inner in which the walls of t(ie building of 
the Engineers' College at Tokyo (fi twd-st()ricd building of which 
the external wa^ls.are about iC in. high) were affected. He found’ 
that when the oscillafions were slow, J.c. of abotit 0'5 sefconct, they 
were the samfc on the upper ;!ud bn the ground floors; but when 
.they were. rapid, their amjilitude undtT bhe roof was double of 
what it was on the ground floor. / 

* F. Omnri, Puhlicniions, eh., Nrk 4, p, 'lo; Note on Applied SeismolSgy, etc., 

' ^ * ■ » ' 
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. i. 

Seeing that the period of vibration was the same in both cases, 
it sterns that in violent shocks the wall upon which the r»of rested^ 
behaved like a reversed ^pendulum subjected to forced vibrations,* 
its motion bemg synchronous with that of the earthquake. A 
similar wall has* been defined by Omori as .seismically ordinary. 
On the^other hand, a wall is worst which oscillat'-s at the top 
„sev;eral times amply than at the bott»m,*Tike an ■ 'astic spring 
vibrtiting within its own period whatever may be the period ' 
and the amplitude of the movement of the soil (as a w.dl of the 
Museum of Natural History at Tokyo). Good is a wall which has 
the same movement as that of the soil, at the t«to as well as the base 
(as a wall of a bdnk building in Tokyo).‘ Omori also observed 
that during destructive earthquakes the damage to t-'d^storied 
buildings is generally restricted to the upjJUt floor,,a la:t which is 
certainly to be a.scribed to the increase in tlie vibrations in the 

highest oart of the building. 

• . • . 

It is therefore advisable to consUmet very low buildinj^, with 
very fCw stories and a light roof which cannot be deformed and is 
rigidly united with the walls. In addition to that, the various parts 
ought to show as few interruptions of continuity po^^'Ble, and 
the transition’/from one to the other ougHt never fo be made in 
a sudden manne'. Tke circular form is thooreticTifl^ the 
suitable one for a tiuikhng, the in are so as, wh*n using it, no 

account need be 'ahen of the direction of the .s' ismic action, which 

• # * 

, is^very often ilKIefiilied or wholl/unknown. Tl'te g«od fesistance* 
t)f circular buildings tb ej.rthquakes Ijas, besides, already* been ^ 
observed in practiej.’ ’■ *. 

Large curves of junction 'generally ought to bind together al^ 

( 'i'lihlinitions, etc., No# 20. *2 ll^Monlesbus, loc. p. 496. * 
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* • 

*c f ' ^ 

walls of different directions. Figs. 37 atid 38 represent two rough • 

;groiind-p^ans of houses built according to that principle. In tjjiem ^ 
^ the dotted lines^ may 'represent walls relnforcenjent across a 
passage. Polygonal plans, short rectangular plans, etc., mray also 
be adopted according to the practical needs. «•< 

' The rooms ought generally to be small ; windows agd doors, 
too, must b' small and'few in number: the well'bound, jnf 
' the floors light and well bound to the walls (vaultipgs' must be 



altogeticAr ai/oided), and so on. Regarding certain details^of.con- 

struction we shall give a few hints later on. . \ 

- As regards the orientation of the house, it will always be well, 

even for internal partition wall.s,, to pay attention to whac we have 
*■1 < 
said in Chapter VIP. In fhese buildings it is a,’so nbees^jary to 

‘avoid the corfstriiction of parte which are not true members of the ‘ 

,real body of the building .’tself. BalcCnie*,' ornamentation of the 

walls, crownings or cophlgs, high chimneys,'towers of any kind, 

tintrance porches, caryatides, apd anything else of that sort, ought,' 

to'^be supprcitsed. 
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Tlje repairing of old liouses for the purpose of giving them a 
form which is better adapted to resist seismic shocks is'generall;^ 
not advisable, owmg to The ^difficulty of attaching the nevr things* 
to the‘old ones in .such a manner that all taken together fornj a 
homogenec’.'.s elility. Experience proves that during |in earth¬ 
quake the old and the new are torn asunder. * 

ffwill be uncknlood that a type of house like those of which 
we are speaking, even though they be constructed of bricks (pro¬ 
vided that workmanship as-wel' as materials are of tlTe ve.'y best), 
presents a gdod guarantee of s(,lidity, the more so when it is borne 
in mind that, as we havjj already^ stated, ev?»i ‘ordinary building 
structures, if of good jjiaterials and wor|jmanship, will generally 
offer a remarkable resistance to earthquakes. 



CHAPTER X. 

GENERAL TEST CALCULATION OF A 
MONOLITHIC BRICK BUILDING. 


Vibration Periods—Statically applied Force—Test Calculat'on of one*Type of Houses 
—Conditions for M^iolithisin — Basement — Maximum Vertical Acceleration— 
, Specimens of Basements of Reinforcei Concretes External Walls—Internal Walls— 
Floors — Tying and Anchoring — Windows and Dj'^'rs — Staircases — Roofs— 
Chimneys. 


Let us assume that the type of house we wish to caL'ulate has a 
ground floor, a first floor, and attics, its elevation being’represented 
roughly by fig. 39, and its ground plan by fig. 37. Eor simplicity’s 
sake, v.i' shall include in our coiTij)utation only the external circular 
wall and the weight of the floors and. roof P'irst, we will ha^'c 
to find out whether the maximum acceleration will Lave to be 
undersUAjd as being applied gradually or impulsively. ^ , 

Omori’ made with fiis oscillating table ejcperimbnts regarding 
fhc periods\of vibra'uon of cylindrii al and prismavic columns whose 
height varied beUveen i and 2 metres, while their thickness waSj 
from about 10 to cm. He found, 'is already cnentlyned, that 
the vibration' period stood Approximately in^ inverse ratio to tijf* ” 
, thickness, and in direct ratio to the square of the height, of the 
column, both for massive find for hollow columns. For the latter 
‘one's the external thickness is ^peasufed. 

. p' ' ^ f" i 

. • ' F. Omori, Publications^ etc., No. 4, p. 119. 
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? t* 

Fr^m experiments ma^e in Japan during an earthquake with 
a chiihney, it furthermore results that the vibration peniod of th^, 
chimney increased somet/hat with the incrdhsing ^amplitude of the* 
vibration. Thus, with a chimney 5-90 m. high, of which ;he square 
section had side!t ..f O'Sr m., the mean period of vibration was m 



■ _-i-i 

" J"— ^ ^ '■ ' 

Vifi. 39. • ^ 

one experinu-:. 0-55 second, and tjic perirJ. of the maximum 

.. stovement wSs o-'Ss secohd (Ihe-magnitude. o.-the • maximufh 

movement at the top oDthe chimney was 90 nim.).. In another 
case the mean pefiod 0-62 secomJ, while the period of the 
. maximum movement was ‘o-pq .second (the magnitude of tl?e 
maximum movement fet the top oHhe chimney vas 1^2 mm.). 
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The conclusion to be drawn from these experiments is, tjiat the 
[Vibration'period of the chimney in question during a great earth¬ 
quake would be qbout i second. ' < 

The hfiight of the house is not much greater than that 'of the 
chimney, while its thickness by far exceeds that'CT the latter. If 
it Ucre admissible to apply to this house the results of ,Omori’s 
experiments- with columns, it would follow that -‘ts prop'er pt^-iod' 
would be about one-tenth of a second., At any rate, thefe can in 
this case be-only a question of a very .short vibration ]5eriod, and 
we may assume without further consideration that in the case of 
a destructive earthcpuake whose period is from i to 2 seconds the 
force may be understood^as being applied gr,.T 4 .rally. 

Let'us.now determine this force /'with refei-ence to fig. 39. 
We assume the, pernvinent and accidental load^jjn the floor of 
the first story to be 330 kgs. per sq. m., those on the roof and the 
'second floor 300 kgs., and we understand the force to be applie:^ 
at 7 Gc m. from the ground. The weight ol the orickwork is 
1600 kgs. per cub. m. 

Let us take I\, I\, as thg weights of the diree parts 

into which we have, according to the figure,'divided the ext-^rnal 
wall, i.c. its section, and the total loads of the floors and the roof. 
W9 then have'. >. j ’ 

/'j =■ T36 . 7'6 o . 2)r . 5'"o.. 1600 !45iooo kgs. 

'/j = o'l 2.3'fio . 27 r. 5 ’o6 . 1600 22,000' ,, 

. 0''.4.7'6o'. 27 r. 5'6 o .-sooo - 51.200 
/’4'= about 100.300 30,000 „ 

‘ /’5 = jr. 5-12'^ . 330 = 27,000 „ 


The greatest bending - moment d/, is acting upon the base, 
and the section of rupture will^ be the base of the solid. Let P 
,be the total weight of the house, and h, h^, ^ 2, • • • distances 
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from |he base of the polhts in which P, P^, . . . /'sVill be 
applied. We then have ; , 

P =/'l 4 -+ 275,000 kgs! , 

Ph = P]/<i + PJi,^ + PJi^ f P^h^ + PJu^. 

27s . .oV;= 10^(145.3^0 + 22 . 505 + 30 . 760 + 27 . 360).“ 

/i = 425 cm. ^ 

^•upposing, therefore, that the housebehave like a single 
elastic solid, we call A the -• rca of the section of the base, " the 
distance of the farthest fibre from the neutral axis, f the moment 
of inertia, (Tj, the stresses in the two fibres of the sccf'bn which 

are farthest distant from the neutral axis. We then have : 

• 

• 4=57(572'^ - 50o''^7= 210. io-‘sq. cm. • 

.t/=Ajb= 275 ..cb 4 -’ 5 -y 8 ? = 48 ..'o<f , » 

f 

. The moduitB*% 1 ^rcsistance for one hollow ciiCulaf section with 
external diameter Z>jand internal d is, ^is is known, expressed b/ • 


In our case 


T 


o'ogS 


D^-P 

'd 


/ 


o'oqS 


1144'*-1000' , 

_ 17 — --- =,0l. 10", 

1144 


Substituting in formula (7), we have.:^, 

'fj - 2'ij kgsi/Mi cm., o'5i kgs.,'sq.^:jji. 

’ , “ . '* 1 r • 

tTj and (To are boMi compressive^ stresses. ^Vc hav-fc, ihereforef a 

strength which* is more than sufficient. ■' , * 

It ought betibscrvejf that, bjt liot making allowance for the 

effect of the interntll v ails of the house, it is not imposSibW that 

we ara doing sonfethinj^Jo the prejn^ictt of the stability. That 

would certainly be 50 if we had not in our calculation taken 

account of the weighs of the bpoi <ftnd floors, and had only, con- 
*» ' • 
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sidered*the j^reat hollow column formell by tlie external ^all, as 
^lay be e<vsily derived from the formula (i), Chapter VI., and'wl^ich 
e's, besides, obvious. Iri fact, if we have arcylindrical .pr prismatic 
column, of a given height, the bending momenll acting updn me 
base is, in our case, projiortionatc to the mass; wivilc, ov tke other 
han.d, the mo^lulus of resjgtnnce grows the more the nVa^ gets 
distant from the centre arid nearer to the periphery, whidli ni^aivs 
‘that in the case of the house the internal walls rcpre,sctri nvitter 
less well utilised for the resistance to flexure. In view of the 
margin which is still left to u.s, before <r, antL (t-„ reacii the value 
of the strength of, tly; material used, we do not require further 
calculations. p 

* Nor ^’ill there be, ;it 'least theoretically, any d;mger of sliding, 
becaust;, as pe have s/;en already in Chapter VI., t'”; frictional 
resistance of the brickwork is superior to the horizontal force 
applied in every joint. Th^s danger appears also smaller, if Itj.s, 
bornt'iie, mind that, before an ..earthquake occurs, the "mortar will 
have a certain time in which to get hard, and, consequently, the 
mortar too will enter into action (in contradistinction to what 
might haV>pen to, walls destined to support embankments of earth). 

A building dike that‘which we have been. consi(|ering would, 
therefore, be theoretically well fitted to 're.fist eagthquakes. Let 
us now see, by roing a little mote into details and examining the 
principal parts, how 've' can manage to make th® bq.ildinjt behave 
like a monolith.. ’ 

Aashnent, — The bascnient must be so'laid down that it 
remains level; keeps the Lases of the avails well together; con- 
vciniently divides the weight of the buHding over the ground ; and 
distributes unifprmly the stresies which, during an earthquakfe, the 
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groundi,,transmits to the I'arious parfs of the building, so. that all 
of ^hefn are, as far as possible, strained in the same* manner^ 
When it is constructed so^, that it will resist jvell considerable' 
vertical forces, it will also resist well the horizontal acceleration. 

As we have'seen in Chapter I,, the vertical component of thf 
movem^t dtiring the earthquake of Tokyo on the 2Cjth June 1S94 
‘wr.s.^o mm. If*we ih our calculation make allowau^c for a com- 
ponert ot'o® rpm., we certainly anticipate a very strong earthquake. ■ 
_We do not think it iiecessary to take account (»f the, visible 
waves of gravity, seeing that bui'ding on ground where they can be 
obseiwed must be avoided, •• • 

Assuming that li.',period of a very intense earthquake is 2 

seconds, the maxemum vertical acceleration A would, if the exten- 

♦ 

sion of the verti ‘■^Litiovement be 100 mm.* be given b)* 


Air- 4.,5-i.p.SO 
■ ■■ nun. 

4 ^ 




The maximum vertical acceleration would, therefore^-'J^’ 500 
n.m., and that is not very iinportant in face of the acceleration due 
to gravity.■■ We put it down, without other tonsidepition, that 
the i<eaction of the soil is equal to bein|* the ^w'eight of 

the building. ^In so doing we proceed as is usual in constructing 
ordinary building^ when thcy*<Ve subjected to^* dynami* load.' • ^ 
When the iiyound ,i* very solid and copi^tcf and when no 

surprises are to >bc feared in cases of earthquakes, one might even, 

• » * •••• • 

* 1 It appears that, tho'JJjL the horizont.al and the vertical movements of a» earth¬ 
quake generally have the 1 we“ period, it is rfbt necessarily the Case (Dairoku* 
Kikuchi, l^uhlications, etc., No. iy)^» • •• 

^ During the earthquake of 1891^ it seems that the maximum vertical accelera^ 

tion was, as we have seen, at Nagoya 8o*«^m./sec.2, and at Gifu about 950 

t 9 ^ * 

mm./stjc.- ' 

8 $ 
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relying, upon the margin left by the’safety coefficient ^hich is 
(generally^ adopte4 in building, calculate the reaction of thef Soil 
equal ko P. It,is, however, advisabje tC be very c^vutious in so 
reducing,the strength of the basement, because the lattei* is the 
best guarantee for the solidity of the building. '" 

” As matci^al for the construction of the basement it wilb-be best 
to stick to rtinforced concrete, and inasmuch as,'for its calculation,' 
it would be necessary to enter into details of construcCion which 
are npt„withcn the scope of this work, our readers are referred to 
special treatises on the subject.’ 

, We shall on 4 y<'.say in general th^l the basement must be 
calculated and constructf:d like a reversed 'Lor, i.e. the slab itself 
must be laid out flat on the ground, with the secondary and principal 
ribs on^top. k must,'in fact, resist the re^ctip^ o; the ground 
directed from the bottom to the top. 

e ^ * * 

From some instances' which will be mentioned later it fesu'ts 
thatAiV’ thickness of a basement will in actual cases never assume 
exaggerated values, and that, therefore, the use of similar founda¬ 
tions is most advisrable. 

On a g;eneral basement were founded" the corn mag.'tzines 
of the harbour of Genoa, which are consaructeck of reinforced 
co.ncfete. „Tl*iat ba'sement consists o'' a soft of aavensed floor, and 
is composed!of general foundation slab 25 cm. thick, widi 
secondary ribs of d5,*by 25, cm., distant from fcach other (axis to 
'axis) 2*6^6 ifi., and with'pi Incisal ribs of 75 by 'jo cm., distant 
, from each.other 3 m. (also axis to Axi.s). In this manner the 
pressure on the soil is reduced to ir6 kg. per sq. cm. 

i' 

r . 


' Sec, for C. Guidi, op. cit. 

- C. Guidi, /oc at, p. 31. 
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• * 

InJ'Jie basement of the^Sampiardarena mill the thickness of the 
fouijda'tfon slab varies from 20 to 30 cm. ; the, ribs on»top of i^* 
protrude to c height whith reaches 90 cm. 'in correspondence with^ 
the ba§es of the pillars. In the building of the corn magazines the 
pillars stand at dilSiances of 2’50 m. from each other in one direction, 
and ofs3'50*m. in the other, and the maximum hwl transmitted 
h){ the basement *0 the ground reaches 2^000 kgs. pcf sq. m. 

A'so '^'here there is no danger of earthquakes, but -where the * 
ground on which a buildiug has to be erected is friablejiwhil^ under¬ 
neath it at tonsiderable depth there is compact soil, it would be 
advisable, from the point jif view of safely, to»placc the foundation 
upon the compact J'l,.’ ^and that can be dcjne very well by lines^of 
piles of reinforce’ concrete, upon the heads of \Vhich the basetflenT 
would be placed - ^ • 

*'rhis kind of foundation has been \ery widely adoj:ted duri..g^ 
the^ last few years. Thus, at the'prmcipa’.^ .-ailvvay .station at* 
Hamburg’ 3^0 piles were rammed,uito the ground. T^'»d^les 
.rere'from 5 to 12 m. long.^and 36 cm. wide at the sides, reinforced 
at the angle.i by four irons 25 mm. in diameter, and bound by 8-mm. 
wire '4 distances of ^ cm. Every pile that was ^Jiik was able to 
carry a load ( ’ 50 tons. - 

At the new railway StapaiJ at Metz 300c, pile? *oij reinforced 
concrete, and wirii hexagonal or iie#tagonal secJ,ioi*sf were rammed 
in. rle' p:”es*vere from 20 to 16 ni. long* \.ith sectmns of from 

• * 0 • ^ • OUfc. 

1^00 to 1600 ffq. cm., -md they fouled sJbpport in'alEsafefy from 56 

, • • 

to 65 tons each. • ‘ • 4 

Thcconstruction on lin^ of piles sunk through loose ground 
until the solid ground has be 5 n reac^d will obviously be still moae 
• C. Guidi, /tie. ci(., p. 33. 
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advisable, if not absolutely necessary, if one is compelled f.o build 
^jn seismic regions,on similarly dangerous ground. , 

' Walls .—It i^ advisable that the external walls should slope 
at^thc outside. So, as they are generally buiit at present, with 
steps towards the interior at each ftoor, the line of direction of 
the wall does»not pass through the centre line of the' baso, but is 
rather pushed to the outside. This is not good for sta’bility," 
because the wall can more easily be bent or overturne/J dl the side 
which i? frea Even if it is not consideied convenient altogether 
to abolish the steps to the inside, the disadvantage connected with 
them can always bu'jorrected by the outside slope. 

• .At the angles the wi^lls ought to be unitf"! between each other 
oy itii ge curves of‘union. 

The^inttrnabwalls, must not be merely united with tne external 
walls by being placed against them, but they must be so con¬ 
structed that they all form one piece wdth them. ‘ ^ . 

liitf, walls ought not to b-^' weakened by’chimn'ty (lues, etc. 
The latter must be arranged so that they correspond with 'th.j'" 
curved parts of the walls, which assume the form of large pilasters 
(figs. 37, 38), .These pilasters may very wefi be left hollow... 

Floors .—The vertical component of the seismic movement will 
have the effect of making the floors v ji^rate. Much^account. however, 
need not be takc;n3)f that in th i calculation, pa/tly in virtue of their 
safety coefficient alid^ partly .owing to the small importance gener¬ 
ally possessed'by ,* he vertical corriponent of the mot^ement. 

It is advisable that the doors should be very light. The beams 
(of iron) must be very vrdi imbedded, in the walls, and some of 
them must act as lies by protruding outside the walls. The* boltS' 
mtjst in that '^ase be very long. ■ In ordei* to have ties at' angles 
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of 90"* ^^between each oth«r, the beams of one floor ought to be 

placed at angles of 90° to those of the other. ^ ^ * 

Vaulting .n^ust be absolutely avoided. * ^ , » 

Tyin^ and Anchoring.—The. solidity of the house ought as a 
rule to bo guarAi-teed by a‘system of solid iron ties placed, for 
instancy, in (he following manner:—At the height of |■ach*floor and 
»of, the rodf there*inight run in every wali' a tie, an<] the heads of 
the ties ill every wall might on both extremities of the wall be * 
united together by meanj of a vertical bar which wijuld act as a 
common bolt. 

a the external walls end in large curves oSpnion, it is advisable 
to run ties also aloi.j, >he latter. ‘ ^ “ 

Windows and.Doors must be as few and as small -'s poSSI^lof 
in order nor to A-.eaken tho walls, and each one .ought to be sur- • 
mounted by a full-centre arch of vaulting. The doors ought, fsi*^ 
the sake of safety, to open to the outSio*. • 

Staircase's ought to be, wherc'va^ possible, winding ^ni.C^es, 

•* nd Tn any case they ought to have the steps well imbedded in the 

• * 

wall* on Loth sides. , . 

Doo /.—The framework must form an indefonjial^le wlfole. If 
a rool-truss c* any kind kis to be construefed, its siitgle parts must 
be rigidly jotnev4 together. JRie woodwork 'must *lfe ^bound ^and 
tied as shown in-fijjs. 2 a and 27. . The roo^" niust nCj weigh heavify 
on s’ome'p^irgs of the walls, but its weight must be distributed 
qyer their whwle length. That*can*be done by makitlg a framh 
of beams run on the*cr, st of the wall^, and fixing the roof on to 
them. • In this m'anner jjie rigidity*of the roof will also be 
increased.* • * • 

The roof coveringimust be as light as possible and fixed to 
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i t • , 

the frame. Amon^ tiJes, those called ‘I Marseilles tiles ” jiust be ’ 
' recommended. * 

( » f 

t- Generally, howevef, those house.s foi* which we .have recom¬ 
mended Somali doors and windows and no balcor^es, and thtfincon- 
> si( 5 erable height of whiejj admits of t*he upper pWts boirf^ reached 
by»mounting(onIy a few steps, might very conveniently be.covered 
by a large'terrace-roof/'constructed, of cour.yj,,of light, though 
strong, materials. ^ ^ 

Chimneyr ought not to be raised above the level of the roof by 
more than a few courses of brickc. If it is necessary that they 
should be higher, tfif' i)art protruding above the roof ought'to be ■ 
made of galvanised iron^plate. 'Chimneys do-'tJ&t, as a rule, resist 
'ca?u.,;uake shocks; even if the latter are weak, and ihey break at 
the base. , 
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CHAPTER XI. 

0 ' 

* SOI^^iE N6tES ON THE CONSTRUCTION 
• • OF -MASONRY. 


Use of Hricks—Wseof Stonts—Qiialily oi«''.k- Bricks-]ai)anese Bricks—Mortar-Fresh 
Watei—River Sand and Sea .Sand-Lime-Mixture of the Ingredients— 
Cement—Se.asonfofBudding -^’recautiom—InterruptiontitTdKesuniplionofWorkmg. 

• 

Without in the least wishint;' to lay down real sainda'.d 
Few hints re^ardino those points upon whjch the attention of the 
builder ought to be*chicfly directed ’vill not be out of plaCvj, 
rfunarks being limited to the use of 4 Di 1 i;ks ar. principal material. 
The use of stones is not, in the author’s opiniifn, advisable, i’:.i 5 ;s 
nre blocks speciahj squared in order to admit of being fitted 
into ’one at’other for bdtter resistance to shearing stresses. At 
any rate, thdir use always entails the inconvenience df a -greater 
weight? _ , ’ * • ' 

As a mattdt of principle i^njust, further, be. plainly understood 
that to Increase t,hc^ thickness of a ^wall is by*no ipejms a remedy 
a’rainst'tbe brea*!.down of the material, becaus by an‘increase of 

the thicliness^the i!ias» is /ncr^iaserl, and consequent!'^ also the 

* . • 1 * 

force applied by the Car''loiuike. ^ * * * 

The.bricks mustr be burnt first to tbe right point, because, if 
over-l;urnt* the mortar .does not adhere to them, and in building 
structures of this ‘kind^the adhdqdhue of the matei^ls i? of the 

96 



BUILDINb STRUCTURES IN. EARTHQUAKE* COUNTRIES. 

•c ' ' 1 

greatest importance. They must have foughifaces, and when they- 
r are macf^ with the wire moulding machine^ (and not in sanded moulds) 
p'they must be purposely ribbed, for otherwise'their faces would not 
be sufficiently granulous. ' 

' For the upper parts of buildings, the use-6f hcjl'ow bricks 
sepms aJvisjtble on account of their lightness. Care must be 
taken, of course, to avoid the mistake that, owirjg to an exQessive; 

, discontinuity in the structure of the walls, the hox'se should 
ultimately consist of two monolith.s, one placed upon the other, 
instead of forming a single entity. 

The Japanese .advise the employment of bricks of such -.I'iTTr^i, 
thv.,1 they can be imbedded into each other ili order to render 
‘ hxii:/i's.;ible any slipping out. The bricks are keyed to one another 
as in fig. 40, according jLo Milne.' 

The mortar must be prepared with clear and chemically pure 
,* water. With lime the use of sea water must be avoidedi- Qh . 
the other hand, there are cements which give good mortar with 
salt water. ' * 

The best sands,are those of siliceous nature; they ought ic be 
coanse-graitied, the single grains to be large and sharp-cornered, 
and not of reunded ccn'tour. Furthermore and above ali, they 
must be pure, i.c. they must not contain earth or be mixed with 
(Organic substances.' River sands are very good. Sea sandc 
ought, before use, co be freed from their salt contents—kft a long 
time expased to the air and yell washed. ‘ , ‘ 

Good lime ought to be used, the better of hydraulic; and the 
'mortar ought to be prepared from time to timi,, so as to be always 
I fresh when used, ie. before it begins to harden. Mortar pught, 

‘ De Monlossu.?,' loc. at., p. ,479. 
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; * • 

not to be hard, espficially^in summer time; the bricks abSorb so 
much t^e more* water, tc^ the advantage of a firm settjftg. As 
regards the mixture uf tlje ingredients, ther^ shduld be about 30cf, 
or 350, kgs. Aydniylic lime tb the cubic metre sand for open-air 
work, and, up to»ipo kgs. for masonry under water. A mixture’of 
ordinary lime and puzzuolana may also be used with ailvanta«e 
in pr?^aruig mortar. This was done by t.hc ancient Romans with 
the b*st rt;sults, as is iiriver-T.illy known. 



^ I'K'.. 40- 

• cement mortar gA’es me greatest rigidity and s^ngth to 

•<* • 

maijonry. Mixtures of oeirtent. lime, and .sand also give excellent 
.results. Butithe co.st^of cement and the great difficulty experienced 

in its inse meke the latter not so extendc^l by far ^is tile use of 

» » 

lime, at least 1*1 'talv. ’ 

It i» advisable not to build when the weather is either tooliot 
eft- tov eold, as l^e moftar will not adhere wjr)**,well. tin summer 
dime the Vails m ctiurse of .Construction ou^ht fc. be, possible,* 
protected by matting* o’" wj^tcr ought to be poured over them from 
time to rime, so tha^th..'y do not dry too quickly. In winter time' 
the upper .parts 'should b^ govered as a protection against the 
inclemtjncy of the weather. 
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So^netimes it happens that a building is hot constructed at a.' 
. stretch,” but with one or more interruf^tions and.’resumptions of 
^"the work. In thdt cas^e it is above all neqessary to manage in such' 
a way that the new is perfectly well a'ctached to .the old; otjierwlse 
the seism'ic solidity of the building vcould be g|:avely jeopardised. 
On resuming the work in such a ca.se, the old plaster and mortar 
ought to be thoroughly .scraped off the surface of that part of the 
already erected portion to which the new additions have to be 
attached, and, after thoroughly repairing all defective points 
on itf'Uhe surface should be covered with a coat of liquid lime 
or cement. 
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CHAPTER XII. 

' . * 01 ^ TH^. STABILITY OF AN ORDINARY 
* HOUSE DURING AN EARTHQUAKE. 


How the Housj is affected—Every j^a^rt vibrates on its own Account—Examples— 
Cracks and Ruin—Houses ruined by the la.st Earthquake in Calabria—Rupture Line 
oTTh e Walls—Stability of a House, of the Junctions bciita^n its Parts, of an External 
Wall—Stability wiT> ref>ard to the Heiitltt of the House- A Building at Nagofa— 
Stability and Maximum Acceleration —Criterion of flie Stability of a House. 


The result of the; calculatitm made in Chapter X. Is important, 
because it proves tlTat a house which behaves like a *mouo]ijh 
^ann»t, oenerally^spt^ikine, be destrwyc^l by -n earthquake. LetC 
us how see Iv>w an ordinary house resists the Action of the seisffiic 
"ft )rc<«s. 

» Before all, it is certain'that such a house in an earthquake does 
not behave*like a iponolith, because, if it did, it wtjuld* not be 
damasked or ruined. The house will, on the coiurarjf, tend to 
divide itself iifb several j'arts, ^ach of wKich will vibr>te on its own , 
acci,unf. There.wdl ceUainly be shocks betvtbscn J:he various parfc 

vibnUPig* in dreetd,'especially in the upper*,^tories,* where the 

• • *• 

vibrations are of greater amplitude, and theliouse ^-ill disintegrate 
more and more ; tfit iisiiitegration will take place along lmc1> of 
weaknq^s and according to the direejion of the seismic force.* 
'Generally*each one of tjie walls will vibrate on its own account, and « 

floors a.s well as roof will do the%atfl^ 

« 
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TaramelH and Mercalli ’ mention the ^ase of a house at Oneglia 
( of which' ^hree ceilings fell down becauf^; the wall's, by vibrating, 
(feiled to support them any longer. The house was thus converted 
into a sort of well formed by its' external walls. Numerous 
analogous cases were ob.served during the eartlnjifoke y> Calabri-";* 
anc) Sicil^' in, ipoS.'^ Omori observed, as we havt; seen, that 
the walls o/ the Engineers’ College at Tokyo' acted* lik6* re-, 

s. I i 

f versed peiidula, and those of the Museum of Natural History' like 
springs fasteiicd at one end. The great majority of common walls 
will vibrate in one of these two modes. The resistance of the walls 
is, therefore, of greater account to the house than that of the ,&eoiS 
and the roof, because it is the former 'which support all. The 
‘ nroduced by the floors and the roof upon the walls is that, 
by not vibrating synchronously with them, they tend to ruin them. 
Omori attaches, in fact, great importance to fne action of the roof 
.‘in the destruction of brick buildings. 

'“Under the actiorf of an earthquake the various parjs ol a hohse 

.... 

thus begin to vibrate, and by repeated shof-ks in various directions^ 
by being jolted against one another, by po.^sible subsidences of the 
ground,'etc.,'they w'ill be separated from each,other, ar.d the house 
will crack! fltfie seismic action continues in sufficient strength, 
all or .some par.ts of ^he house will be destroj’cd. ' . 

■ We reproduce here some photographs frorr. the dis'astrou.s, 
earthquake ''n Calgbria on the 28th Ilccemiier 1968. According 
to our opiriion, diese ' photograph,s, regarded 'jointly, can give a 
sufficiently clear idea of one of the modgs in which the dcstructioa 
bf houses seems to occur. ^ v 

' Ue Moutessus, sar Geop/iysii, vii. p. 195. 

^ ,Omori, Bulletin, f4i,''v(j\.hii., No. 2. ^ 
icp 
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Of THE STABILIH'Y OF‘Al^’ ORDINARY HOUSE. 

' In'»fig. I. of the appt^ided plate it is seen thj^t by the seismic 
^ shocks and by the jolts ifeceived from other paft^J of the* building 
an external wall Jias been detached. If flie actaon of the earth-* 
quake* had continfted with sufficient intensity, the wall would hjiv'e 
Diifja destroyed. ® • 

rig- 11.* of the appended plate shows an extenJal wall wliich 
has been destroyed. ” 

Krom’fig. Ill. it resului that it is not on account of the roof* 


--tethat the house is destroyed—a fact alsf) shown by*a great 
> number of j?hotographs which Ve cannot reproduce here. 

It* is notice;4blc tha^ very often the 'Walls of a hatfiro are 
destroyed, either at half their height, or flse completely or almost 
completely, whiis another part <^f the same'hou.se may^remain 
standing uuclan^gcd. It, seems impossible!generally* to^attribute 

to the roof a similar destructive effect, even if the roof is wholly ujf 

* • • P * * 

• jiufii.dly destroyed. During an etirthqtlakc tjie various parts o^ a 

hou e have, therefore, a tendency disintegrate and**hen to be 
destroyed. ^ . 

* Intismiiiih, however, as# before being destroyed, thi^ar^; gener¬ 
ally dlsirtegrited fro% each other, each one will 4^0 to cjestruction 
vibrating as .fit stood alone. That may explain how the rupture 
of the L.xternal wall in figs. l.,*Il., III. occurred af*the heigtit of 
.the f 5;t-floof \y;ihdows. • / • •V* 

In ^ici, as have ^een, wc.®have^ here columns whose 
v«ibration period is. sufficiently long,''' and the seismic force must 

be understood to ha. e Tieen apidied suddenly. The point o£ 

* 

maximum stress^dhd, therefore, of rufJttire is, in that case, theo- 

• reticdlly proved for trails of ^on§f.ant thickness to be at twji- 
ihirds of their height,«and for w^^lsVif triangular jJfofile'to bS at 

f . , >*oi. 
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one-half of if. ^Ordinary walls of a housn have, a certain thickness 
^Iso at the top, .but they are thicker ut the bottom; they.,are 
‘ therefore intermediates between thes? two type^ The section of 
the wall af the height of the window sills on tHa first floor is the 
weakest in the vicinity of the theoretical sectiofi of rupture. . 3 ^ 
wa'il must, therefore, practically break there. ‘ , \ 

Sometimes it happens that certain high walls are destfoyed 
down to the bottom. That can be explained as follows ;-t-The 
wall brpaks first at about two-thirds of ks height, and once it is. 
broken, the part that has remained standing' assumeli a vibratioa 
period -cf its own vd.ich is so short thf t the seismic force may 
be considered to be applied statically at its centre of gravity. ..If, 
therete'e, the earthquake continues, the second rupture must take 
place at,the* base of the'ivall. , 

V, It now remains to gain an idea of the value of the stability of 
a house which does not bcliave like a monolith, 'i.e. of an ordin^iry 
house. ^ ^ ' 

That stability generally depends ntainly on the manner'in 
which the walls are joined together, an the lack of .synchronism 
in the vibratipn^of the various members of the house, and on the 
stability of tlfe walls thtjmsclves (cases* of displacements of the 
groqnd or of Ihe fouhdations being'escluded). « 

The stabilit)t o( the walls »i\ easily calculated. I^t soothe 

ft 4 ^ ^ ^ 4 

resistance of the junctions ofithe walls, which ^ct favourabjy to the 
stability of the ‘house, or th*e \;iifecf of the lacl^ of synchronism 40 

^ ft , . % . • 

^vibration, which act in the. opposite direction. 

We only observe that*riie maximun%amplitiMgof the vibrations 
a{ the top of a column increases with the Increasing height *of it, 
and that; the thore ample the^ viLvations arc, the less resistant will 
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be the«junctioas in any p|i|int of a building, and thi^ more powerful 
the .eftects of tlte lack ®f synchronism in the .VibraticJns of its' 
various parks. , , • , , • 

On the otheifhand, with the growing height of ji building 

If 0 * • ^ 

iiicrgases also the Importance of the junctions of a wall to the. rest 
of tt'e building ^itself. The total effect of the lack Jf synchronrtsm 
between the vibraiion of the wall and that of the other parts of 
the house iii contact with u also increases. ' 

In these circumstances, and after what we have snid .tbout the 
mode in wffich a house is destroyed, the supposition is naturally 
that fit an ordinary housc^the effect of the resintince of the^iiS-'''t'ions 
aq^l that of the lack of synchronism in. vibration might, at least 
within certain Inr.its, neutralise e.'ich other, and that the sttlbility of 
the structure u^the house might he considered ecjual/o ^hat of the 
main wall itself which is first destroyed, ie. that of an exteri.j^ 
•'jdl,* the e.xternal wnills being those "which, the resistance itsefi"' 
bei' g equal? are most easily destroyed. 

• *Let us now consider c case mentioned by Omori,^ viz. the post 
aflJ telegni^ih office at Nagoya, destroyed by the earthquake on the 
eStl,"-October 1891.* 'Ji'hat was a two-storied brijk pudding, and— 
as far as ca., be judged from a photograph—the Examination of 
certain details shows that ijie height of its ■exterfiM jvalls was 9 
nff’tr ;s. Thc'^rUpture of the wayi^occurred, appSrejttly, at 5'50 m., 
the'heighi. oi tiie first-floor windowi. sills.* The thic*kness of the 
jvall, considuring the dimtnsiofls of'■Japanese bricis, Was probaoly 
45 cm. b'rom the pb jtcJgraph it fui;|:her appears that the emp^ 
spaces of the ^■•indows jvere in length about one-third that of 
the •walir. 

• •. 

' F. Qjnori, FtMicltfion\etc., No. 4, p. ii.*» 
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The direeti<i«i of the earthquake was ijormal to the ruined walls, 
* and, from meas^irements taken, resulted A = 2600 mm. per,sec. 
‘per sec* , • , ^ „ 

If we fall.a the stability of the above wall, wt get from formula 
(2), iJubstituting and taking R— 2, kgs.'/sq. cm., t * 




4S;.98:.3 

2.16.10 ‘.(12.175)- 


Making allowance, regarding the nesistance of the ‘section of 
the wajl, for Vhe empty spaces of the windows (we ought really* 
also to make allowance in the calculation for the bendihg moment, 
but wr-'-Vs of less impi'rtance), we find th^jt the mpment of ibertia 
ferine "section itself must-be reduced by i. and, therefore, the va.lue 
Tound fe. a by the s'ame quantity. The result is therefore : 


a = 340.- =227, 


* . • % * • * 

* which means «= 2270 mm.*per .sec. per sec. * , r 

This vijlue of a would be wry much like the true'oi.<; also as 
regards the stability of the building, but (l is merely hypothetical. 

*• I 

At any ratt^he trucrvalue of the stability' of the house <nmst be ‘of 
the same qrdef, a,nd we shall conclude by .sayiifg that the resistance 
of a brick hous'*e may, by v^ay of gross approximation (except the 
case pf simpleMestrubtion of the rdbfr with its ci#nsequences, and 
except also geneitally those cas8s\of partial jdesti*uftion in ^whlch 
the framework of tlie house ramaitis standing intact), Ae re^aced 
that of one‘of it^ ex’ternal wtill?> sep 3 .ratet’y consi^Jered.t » 

^ I his—taken for what it is worth—would be a mode of obtain- 
ing an idea of the stability‘df an ordinary house Ih*an earthquake. 


to 



CHAPTER XIII. 


G^ERAL TEST CALCULATION OF A MONO- 
,LITHIC HOUSE gp REINFORCED CONCRETE. 
* • ■* 

Parlicular Case—Graphic Calculation—Maxmium Stresses of the Concrete and the 
Iroli—General Hints regarding Construction —Typi«tV Precautionsup 
wiSi Masonry. » *>• 

Let us state a specific case, assuii.ing that the houi.i hasH^square 
base and that vertical section is represcuited lay ftg. 41. The 


Cl 
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*• „ » Kk;. 41, 

• • 

width of the ext^nal waljjB is 18 cm.,Ni-nd they are reinforced by 
iron 1-ods* placed vertically (bars of resistance), and by round irpn 
rods 'placed .horizontayy (bars of *d(i|ribution), whidh latter wa do 
* Cos 
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BUILDING STRUCTURE IN EARIHQUAKE COUN^TRIES. 

not consider hwe. The floors as well ap the roof have a^lab of 

* cm. th^knes^cyid ribs; their overburden is 300 kgs. per sq.^ m. 

*The weight of reinforced concrete being 2500 J■'.gs. ^er cub. m., 

thq actual, weight of i sq. m. of flooring or rooling, including the 

ribsf will be about 300 kgs., and thus the total \^e 5 ght of floorj..and 

overburden w*ll be 600 kgs. per sq. m. ^ , ", 

If we ca*ll the total weight of the externai v/alls, and assume 

' the length of one external wall to be* lO'go m., measured at the 

outsid^ we Pfcive : * • 

— io.22.o'i 8. ro. 2^00— 185,00s kgs. * 

* \ . * • 

^fT /j, /^3, Pi arti'the weights of th» floors ftiid the roof, we 

have: t >'■ 

/’j, = /’3 = /’4=about 100.600 = 60,000 kgs. 

For che*^ salve of »simplicity we shall in calculation omit the 
'"J-Internal walls (which really ^are of service in stability, not only 
dijpctly as supports^of tlie floors, but also indirectly as ties be¬ 
tween the *'arious parts of thc*house). * , 

If we call P the total weight of the.hquse, h the height of'its 
centre JS^vity, ^1, //j, Ih, the heig^its of the points in which 
/*,, /’a, /\, A awi applied, and taking into.account the dimensions 
of the house as they result from the figurfe, we' get: 

.*** * j. * * 

• • ^ /’» i’] + .^'2 + /’3 + /’4 = 3b5.ooo kgs.. ' . 

/% = 36s.io®.S?=.io¥6o(26o + 630-f \i5)+ 185.5^00]= io“.3^5,500 kg./cm. 

560 cm. , 

;|^nalogously to what we Ifave said in Chapter X.,'suppose that 
to the centre of gravity of tbis house, which behaves like an elastic 
body of one single piece,* fhere be applied grat! 5 »ally a horizontal 

forjp equal « being ^i?49bo mm. per sec. per sec», and 

idb 



A m(|nolithic ho^e of. reinforced concrete. 

directed from right to lefj, parallel to one side of Ac house. The 
force resulting mom the various forces acting upon^he hodse strips 

^ts base in a*poirX .Y distant?by > 4 —= 225 from the centre bf mag- 

* * . 

nitude of the bai^;^ . ^ 

^ fig. ^2 the section of the base of the external waAls of Ijalf 
the ’house is represented, the scale of reduction being g to 128. 

"Ehe section may oe "onsidered to be strained by a vertical 
eccentric stress P applied in X. I his stress is, indeed, et^uivalent 
to a vertical force P applied yn G, the centre of gravity*^of the 
base, ^nd toji couple of moments Pd, d being = y>yu Pd 


is = > — /J, and consequently it is’ apparent that the section or\he 
' £ -in " 

base of the hou^^e is strained by the weight P of th.. house itself, 

and by the hor?/,ontal force of the ea.-thqu!ike" applied at the 

A ^ 

ii • ^ » * 

height h from the base. • 

'hivide the section ol the walls-jnto so fhany “btmds of the 
sTtnTe size which are normal to the a.xis of stress and to their 
cetifres 01 .gravity. A.pfjy' forces proporttftnate to the areas 
reduced at‘the bas» « = 50 cm. The sections of tffe ^rods must 
be intaginec to be ooncontrated in poiins*distant 1 metre from 
fach other, ^nJ Ae sectiftnsj^s® obtained have to iruiltiplied by 
the ratio between’ the .modulus^/ elasticit' *o! %liq iron and tl?ht 
of the*concrqj.e (ratio which we may put*do\fn =ifth then they 
|}ave tc^be ^^duced to the base ct, aiid to theif centres of gravity 
forces proportionate t. tlfem have to |)e applied. , ^ 

At the right^nd in t^ figure thesilne of the forces is marked 
From o fo 12 are marked th’e forc^ relating to the sections of die 
' C. Guidi,*?cc. Iv., p. 88. 








A M£»JOLltHIC H 0 U 5 E> OF REINFo'rCED CCJNCREXE. 

: * • 

•.irons, smarting from the right and going to the lef|. From 13 to 
k 24 are -marked tke forces corresponding with the bands of.toncrete • 

Jfrorh left to right. , * '• ' • • 

^ • • • • • 

Let us suppos^tbat for every metre run of wall there are 7’5 

cm. of secti<W <)f vertical rods, and that the four corners 3 re 
rcirfoi'ced qjjch by I2'5 sq. cm. of iron section. Tlif»walis normal 
,.^0 tl^ diVection* of the shock and placed vertically in»the figure, 
repreiei'L each one band, in each of them the section of the. concrete 
is 18,700 sq. cm., and that of the iron reduced to cojjiprete r0,000 
sq. cm.; the^ forces representi.ig iron and concrete have the same 
point application. ^ ^ & ■ 

F(?r every ho?i/ ntal band of wall we have i8tic and 750 sq.^atn. 
respSen *ely —figuj;e.s which we have doubled • in tbt, j^gram 
because the bp-ius of the two horizontal w^iiis correspond with each 
otffcr, and thus tTie figures resulting from the diagram su nef each few 


it couple of bands^ * * \ 

' There is^ further, constructed ^latively^to the pole P tfte 
fcjjjisular polygon of laesc forces. 

,(i^n its first side aa ts'to be marked X', in cprre.spondence with 
X. I'js kiMwn * th^t, by drawing from the point A''* i?le\traight 
line X'd so t' at the latt*er is the line of etjaalisation^egarding the 
funicular polygon aded, tbe^pqint d detertnipes jtosition of 
thp-i nefltral axis^r. The funi^lar polygoti is to be'sub- 

st.ituteu*btlio'.i-oKen*line of eqitatisation awiii* *The.arcaof that 

• •• 

polygorf’will, thereTurc; be‘eqyal to .^hat* of •thq tri^gle mbn. 
Then d is detern?tnf 1 9 o that—being the line of equiflisa- 
tion regarding the polygon dc —the X'dq is equal to the 

area pibnt , * • 




BUILDINS STRUC'fuRES IN EARfHQUAKE‘COUJ^'TRIES. • 

f f " 

In our casecthe neutral axis lies outsi(’e the figure. Thajj means ; 

that the",reinfor)^ed concrete which forms' the wall$>of the house is , 
6. V subjected lio'compression. If we call (r„ the mean unitarv'- 
pressure to which the concrete is subjected, an(\ ‘A the ideal area, 
iJ. converted into concrete, of the horizontal sec’tip.i of the externar 

r 

walls of the house (a compressed section), we have 

' P 36;. 10“ ' • (• 

"" yi 108.400 

or also 

'■ - 3^5 •' _ 4 . ‘ ■ 

' 24 50.2108 ’ 

olf ' ' < 

a "■ 

f t'epresents any one of the forces 01, 12, 'etc. If we draw 
To corrl'^'ponding to the centre of gravity of the section, and bearing 
in mind fhat^tha pressure is nil corresponding to the neutral axis, 
and that it increases lineally by moving away from it, we get the 
'diagram of the pressure of the concrete {in the figure every cm. pf 
ordinate corresponds with kg. of pressure). Mrltij'lying the 
ordinate of that diagram by 10, we get the pressure on the iroil. 

We have here:' , . • * 

i ' • - , ■ 

Maximucn unitary pressure on the concrete, 5'3 kgs. per 
sq. cm. , ■ 

^ . Maximum unitary pressure on the iron, about c;3 kgs. 

per oq.' crn. ' . •_ 

< f 

I This sfiows tha^ the maximum jStres'.jes on the concrete and on “ 
the'iron to which the house is subjected are by much inferior to 
the margin of safety, and thus there is a vciy large margin for 

* c \ 

bther forces which have not been considered! by us. By bavipg in 
odi calculatioi\ omitted the inve/'nhl walls, we have possibly, done 



A MgNOLWHit HOeSB OF REINFORCED CdNCREJE. 

* something to the jSrejudye of the stability; but jn view*01 that 
large margin th^re is no occasion to take any notice of^ihat. A 

^houSe planned like ours*offers, therefore, ^favoarable chances^jgr 

* resisting earthquakes. * ' 

• In its gcnerj^iipplicatiop, what we have said in Chapter »X. 
hold>also good fcr building structures in reinforced (jonajete, oi^y, 

^seeiflg’tftat in fhe latter we have a much more suitnye material 
tlian »biIcl^^ masonry, it admits of less ronipact and higher forms 
of ho’uses. * ^ 

*" We have assumed thlt the house was an elastic solid su«jected 
’ to flexure, and we have neglected the shearing strain. Thc,>t is 
'’permissible, amf*we refef in this fes[)ect to*(j» Bach, 
uttd-^/i’tfigkcii, 6th edition, p. 422 and* following on.-s., There 
it is shown that the shearing strain may be neglecwrl in view of 
tho flexure whefl^;ver (as in our case) the pokit where^ iS applied 
if dismnt from the base of the house ly-l much less than one fourtfe^ 

■V . . 

•part of the diameter of the section of the hoi^se, if that section •is 
,^ircyiar; or, when thi section of theliouse is rectangulm- of height 
h, itjs sufficient if the di^ance of P from the base of the house 
> be /'. ,^^25.^. The house's then considered to be a solid listened 
at the^ ha.se. • ••*’'** 

By a correc’ mode of construction it will then be easy to unite 
rf^dly the various 4)arts of tnb htyse, t.e. the ’^(alls to the basemenf, 
the lloci-* and e roof to the wfclts, and tlje feftfcr *between each 

• other. /It is aTlvisafele thaticvei^ part’of thg house should be madf 
01* reinforced^oncreie, ( xt^uted, of course, with all due care. .Thus, 
care must be taken tliat “xpansion jofrits are left in Ehe external* 

I wall", which, owiffg to theif being exposed to sudden changes of 
temperature, might otherwi.se crtlcl^^. ^ ♦ 
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St r t ‘ ^ r 

The mass of the reinforced concrete fjivhich' forms the building’ 
p, ought toibe reinforced, so that its various parts (f/. the walls) will 
p b:'^ble to resist stresses in their longitudinal direction also. 'The, 
floors must unite the walls between each other rigidly, and„there- 
fore they '6ught to be specially reinforced with ^^uiew to the task' 
irpposed tfipop them. The same applies to the walls at' their 
extremities, 

, Any possibility that, in the course of the operations, between 

iTilmg ip of one layer and the next tilling in, the various layers 
of concrete should not adhere perfectly together, must absolutely 
av,oidcd, because such an occurrence would jeojiardise the principle 
of ,.t|ie monolith, V, !*ich is the basis of tiiis mode of construction. 
The old surface, after beino; well washed with cement-wa=K .Oust 
be sprinkled over with small bars of iron and then covered with a 
light layer o't very rich cement mortar, after whiv,n the new con- 
ili'ete ought to be well ramm xl. 

Generally speakirjg, care ought to be taicen tnat tne mateiial 
used as wtjl as the workmanship are of the very best. In, the 
following chapter we reproduce the Strtidard Rules for- the 
Executiiu of Works in Reinforced Concrete adopted in Italy. 
That, belter i^aibany other explanation, will serve to give an idea 
of the care gnd attention which have to be bestowed on the 
execution of cons^tructions in rchforced concre'tf', and which must 
be even moj-e'rijforftusly observed in building houses destined to 
nesist earl1iqual:es.. i 

'll may be mentioned here that duripg the,1906 earthquake in 
‘San Francisco (California),'and during the Cnlabro-Sicilian earth¬ 
quake in 1908, it was clearly proved that' reinforceo concrete houses, 
vidien •mell constructed, are ver^'well able to resist an earthquake. 
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There does not seem tf be any necessity for pointing out how 
^ the various partf of the house—roof, staircases, etc.—ought to be 
"made. Buildhig structures in reinforced concrtte are, ‘as 
already very* welT adapted to resist seismic shocI;s because they 
'are elastic and iijf|iolithic. , * • 

It'will suffice to counsel avoidance of all building tonttfructiops 
^f a bold nnd jufting profile, as well as anything which Slight give 
extra#ve'gljt.to tlie upper pa.rt of the building. In the ordinary 
way oT building, it is often preferred to erect, instead o^cOntinuous 
walls of reiyforced concrete, framework of that material, and 


to fill up the empty spaces with masonry. .Such a sys . 
mixed»construction is faf too liable to disint^ration under >e 
infTueai:",-of the ^eismic forces to be ^orth ^recor:I^eI^^g in 
the present jca? '. 


sf 



CHAPTER XIV. 

STANDARD RULES FOR THE EXECUTION OF 
WOI^KS IN REINFORCED CONCRETE/ 

r 

Adopted by the Italian Association for the Cnvestigation of Building Materials on 
'’th May 1906, and by the Public Works Department by Decree 
v dated loth January 19c". 

Plans agjtl Specifications—Qualify of the Cement, and relatiye Tests—Qijalit^ of the 
Sand;*^ of the Gravel—Aggregate—Mixing and Filling in of the Aggregate— 
Regarjling , ReiuforcementS'-Tests of the Iron — Centerings — Dismantling — 
Load Tests—Rules fot Static Calculations-Own Weight'—Accidental Loads— 
External Stresses—Internal Strains—Calculation of the Pillars—Deformations— 
Safety Loads. 


GENERAL RULES. 

I. Every work in reinforced concrete must be consjructed upon 
the basis of'^complete specifications signed layan engineer. 

‘ The specifications must show the dimensions and the disposi¬ 
tion of the ci&Acrete* and of the ire niras” well as the‘static calculij- 
fions regarding ftepi. 

2. The ‘execution o*f worts in reinforced concrete shall oiily be 
entrusted to competent builders v(ho dm prove theij" competency 
by certificafes granted to thgm under the regufations of article 2 of 
the General Conditions fof. Public Woi^s. 

^ 3. The specifications must contain precise indicatiorfs concern-* 
ing the qualities and the properisics of the qiaterials to be usSd, the 

if4 



W(5r1CS in |EfNFoj[cED CONCRETE* 


• • 


'.ingredients composing thf^ concrete, methods of ccfnstruction, and 
, of the dismantling and testing operations. / 

* ^ The quality of the materials must, if required, be prove^»y 
certificates granted by official testing laboratories. 

^ Quality of the Materials. 

4., The^cemerft musi be exclusively Portland, slow setting, well 
seasorted, defivered in the original casks, and fulfilling tjje following 
requirements:— ^ v 

* (a) Constancy of volume to be proved by hot and cold tests, as 

’a rule on specin^bns of th(? form of a cake or S &dl 
" ( 1 ) Minimum absolute density 3’05. • 

(c) Maximum residue on 

900 meshes. 2 par cenl * 

, i4900 „ * ^o . , 

* The setting of the standard paste of n^al cement at a tera- 
.^eramre of fr'om 15° -.0 18° must not begin before orn; hour, nor 

terminate before five horn's or after twelve hours. 

* {c) The*,tests o*" strength on machine-made sgecir^ns of 
standard monar (1 par* cement, 3 sand,,bji_ weight)^ust give at 
least the follovvi jr results 


a sieve 

« 


& 


Tensile strength ^gs./cin. 
Compfessivft strength ,, • 


• • . 

• • 

•• • 

• - 

*r • 9 

.. 

• ^ Afti-r 7 days*olX 
1 ssJsoning, the 6 
• 1 wffich iti 

j fresh water.* 

Afty 28 days of 
seasoning, the 27 
. last of which in ‘ 
fresh w%ter.» 
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• 
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20 
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• 
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BUILDINd STRUCTURES EA'R-^'hQUAKE ‘COUNTRIES. 

All tests to bte ejtecuted according tq the rules of the,Italian 
Association for the Investigation of Building MaU,rials. 

vFor works Pp' be parried out in ^presence of salt water,'the 
cement must, in addition, at the request of the manager fof the 
wdrks, be subjected to supplementary tests, tsl'for instance, to 
chemical*anaiysis, to immersion tests and others. , 

5. Thet natural or artificial sand must consist of resisting and 
not excessively small grains ; it must crackle in the ba«d and not 
leave trace5>^of dirt. It must be free from any saline, earthy, 
vegetable, muddy, or powdery matter. In ca,se It is,>iot, it must 
be^washed in fresh water until it fulfils these requirejments. ^ 

. (). The graver must be quite clean and free from afiy ex- 
traneo^is substances, as also from saline, earthy, emd friable iTiatter. 
In case it is no^, it must-be washed in fresh water until it fulfils 
thf-se requirements. ‘ * 

i* The gravel must be pf^such dimensions th»it it easily passets 
itko the interstices between the casings and the iron reinforce- 
ments, and^^also between the latter. At all events, the maximum'*- 
dimension must be considered to be s cni. • • , 

Whertever, instead of gravel, broken stonfjs are used, they must * 
be .derived frem ciomps^ct* rock, not from^ marls or any rock<;asily 
damaged by frpst. THey'must be free foom impuritieg or powdery, 
djst;^ matter. Tihe size of the slbgle* stones mu^ correspcrtid wifli 
that prescribed fdv gravel. 

* 7. Thq standard proporj;ron of ^phfc (lifferenf' ingredient^* of the * 
concrete shall be 360 kgs. cement per o’4oo cuk'ic metre of dry and 
‘not compressed sand and,.n'8oo cubk metrd gravel. In speiSal 
circumstances a richer mixture may -be dojnanded; in ^ny,case, , 
hfiyrever, the .qpnerete reust tui'li,out full and compact. 



WORKS IN iREINF(/RCED CONCRETE. 


•The water for the mixture, like that for sand an<f gravel washing, 
must be clear, ^re, and /resh. . * • 

, *The reijistaqce to crusijing by concrete of Jtandard ^mjjjitire* 
after 28 days of njaturation in a humid atmosphere, tested on cubes 
with sides of f(5-i5 cm. according to the size of its component 
parts; must not be less than 150 kgs. per sq. cm. • Fot concftte 
of flrther proporjiops than the standard mixture the i^sistance to 
crushing, tested as above grated, must not be less than five times • 
^he safety load adopted the calculation, with allowaJfce of 10 per 
cent, for tht mean breaking Icxid. * 

8. ^For the^reinforcement of the concr^t^ preference shall be 
given to homogeneous iron obtaiiTed by/he ImSc Siemens-Martin 
process." The iit)n must be smooth at the- surface, from 
swellings of blisters as well as from cracks and other intgrruptions 
of continuity. — 

* , The tensile sfrength, tested upon* Samples having an effectitt* 
length of 2C^ diameters, prepared qqld and*n every respect con- 
‘fortning to the standard types adopted by the Italian Association 
‘fof *the Inyestigation *of jluikling Matfcrials, shall be comprised 
within from*';6 to 4^ l^>'s./mm.“ The coefficient of quality, i.e. the 
product of i.ie tensile strength per mrfl.^y t^e elongation .(ex¬ 
pressed in pur cent the length) of the sample, sbt^ll not be less 

9 Ik* * ^ • 

ttian 900. • . • * • . ** • 

*Wncne/^r agglofnerate or* wel^d iron is used, it must be 
cpmjjflct, malleable hot and coW, solc^jsabltf, cmoolh on /lie external 
surface, anJ! free from clacks; it must not show any burtis, open 
^dering seams, or’other piterruptioiw^of continuity. 

The’*tensile strength, determined as above indicated, shall be 
at least 34 kg./mm.'\ with a miqipium coefficient otfluality of ^60. 

* • . 117 * 



BUILDINd STRUCTURES isi EA'R^HQUAKE COUI^TRIES. 

In addition to the tests regarding rupture by tensien/the 
following bending tests may, be demanded :— 

Bending Tjjst for Homogeneous,Iron. 

. I .'r 

'A piece yf iron heated to bVight red heat and immersed in 
water at 28° centigrade must be able to be bent back upon- itself, 
the diameter of the eye so made to be equal to 't,ht thickness of tKe 
iron, without any fault being produced.' 

Bending Test for Agglomerate Iron. 

• The iron mustflje capable ot being bent, cold, with the hjfmmer 
round cylinder the diameter of which is equrj to six times the 
thickness of the hon, without any fault being produced^ 

.-All tfie above tests shall be carried out for tVery too pieces 
ifpon three samples taken^* if possible, from the ivaste at the’endsf 
11^one of them does, not stand the prescribed te.sts, two other 
samples shati be taken for every too pieces of the same material,“ 
if again one of them shouH not stand the required test.s, the material 
shall be,refused. 

RULES 'OF CONSTRV’CTION. ^ 

* 9,-1 n preparing the mixture'die various ingredients must be 
intimately mixed'*and‘unifonflly* distributed in the mass; " the 
ntixtures sljall only* be‘mac^ in such* q'uan'titiell as are nectcsajy 
for mrrfediate use, i.e. before setting begfhs. 

^ The materials composii^the concrete may be mixed by hand 
6r by machinery ; whenever the impottancctof the work nnakes it 
po^jible, the latter procees is to*Le, preferred. 

‘ 11 ^ 
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•The preparation of ^le mixture shall be msRle on a paved 
ground, if possiMe near the place where it is to be used. / * 

^ ’When no mixing apparatus is used, the ceitfent and‘the^/id * 
must ftrst be repeatedly mixed dry, and then this is to be further 
mixed with the •^Avel or the broken stones, and then the wsfter 
added a lij^le at a time; the mixing must be conti)*ued*until she 
ngixUire assumes^the appearance of scarcely humid eartk. 

lO. Wh§n the casing for the filling-in of t;he concrete has been 

• • 

constructed, the iron reinforcements have to be [sl^ed in the 
positions {^escribed fo^ thern by being tied with wire ^o the 
crossii^s and supported by provisional wooden struts. 

Efirty, greasy, or considerably fusty ironsbe thoroughly 
cleaned'^before being put into the work. * , ^ , 

At the points of interruption the rods must bc^ bound together 
for a length cqJkl to 30 times their diametef, and th^r extrem^cs^ 
licnt'over, or the^ can be united by formed hoops. Such int@r^‘ 
ruptions must be placed each at a^differe^t section of the srAd 
'and occur in the regions of least stress. Weldings ^r solderings 
sl^H only be toleratedin places where tl|e iron is not strained by 
more than 15 per ce^it. of the stress which the sam^ caTl^with all 
safek^' bear,' _ .rovide.d fhat experimental tests cafl-iedjout'with three 
samples, ch*)sen at discsedon out of ev(?ry, hund^wed or part of 
kundred pieces, ^ve good resulii • 

*i i."^Pr^v|ous to the filling-i> of the concreA the, architect in 
of the wot^s shall fejfargine tl^positiorw of, the ^dds and see 
that it is strictly in coi/otmity with the data of the specificatidfis. 

*** 12. The concrete shall be filleJl in, immediately after tht 
mixing process is firjjshed; m thin layers well rammed with pestles 
of saitable form until the water coines oui at the surface. 

." 9 * 
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'fhe concrAe must completely surroi^nd the rods, and for ‘that 
purpose^ the latter shall be, immediately befo/e the filling-in, 
cQjj^ered all round with a plastering ^of cement. ^ ^ 

When a new layer of concrete is to be put on, and the preced¬ 
ing one is still quite fresh, its surface < 5 hall be Maihed with water; 
blit*if the preceding layer has already commenced,to s^, its 
surface mwst be scraped off and moistened with a covering pf« 
cement, in order to secure the continuity of the structure. K the 
interval b'eN|;een filling in the two layers is of long standing, the 
washirfg process has also to be carr^pd ou/. , « . 

13. In order to make sure that the concrete is^Iways p con- 

fortnjty with the pT^cribed conditions, the architect in chargS niaj, 
during,yhe e.xecution of the works, take some qwantities «>ut of it 
for the purpose of making test samples of them. ' 

^If the mean crushing load of such sample.s, After 28 days of 
pmturation in a humid atnfosphere, proves* inierior by 16 pef^ 
c^it. to a stress five fimes stronger than the one wjaich, accord¬ 
ing to the‘^specifications, the concrete must be able to bear,'’ 

the architect in charge (jf the works shaS take such action ,as 

/ * * 
he may .Ain^ fit. 

14. It'is i^bs^luteif prohibited to lay* the concrete it the 
temperature is, below, thb zero pointy except in certain special cases, 
wfoerwjspecial arr^gaenents, to be approved by^the architect ki 
charge, will {jave K) 6e rnade.^ *' ' f 

« 15. Prbper ai rangement^shall ,,be made t^ avoid the ^.'.con¬ 
veniences caused by'changes of temperatftre. •* ' 

'■ 16. Until sufficient matu^fation, i.e. for a period of from S^lo 
I4 days, the works in reinforced concrete ..shall be periodically 
sp^nkled over,with waier, covtred with sand or linen, andekept 
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humid In addition to ^hat, they must be p'rotetted against the 
vicissitudes of Sae weath^er. * • 

^ • 17. The centerings nu||ft be strong ejioughno withsta^-the« 
weight of the structure itself as well as the vibrations produced by 
the ramming'ii/ef the concrete.. It is also advisable to cons^truct 
them’ in sych a manner that at the moment ot the tir%t diemantling, 
while the necessary props remain standing, they can removed 
without danger of damage to the works, the sides of the casings, 
and other less important parts. 

In special cases,it m^y be jJemanded that the wooden ^alls in 
contact with the concrete shall be perfectly planed and, if necessary, 

j>'i * * * 

greased. . • , » ' 

There must ateo be left in the wooden centerit^r-s sotee open, 
joints of suhaueiit length to prevent fhe swclljng^ of ^thc wood 
produced by ftumidity disturbing the regular settii^ ofajiie 
’conci'ete. ♦ ’ * *, 

* 18. During construciion the'vo^^h-s mu^t not be subjected*to 
• tla« direct pt\age of the workmen and materials. * 


, 19. No attempt at dismantling shall l|e made before^-th^concrete 
has rfv..chec>a sufficient degree of maturation, and in ahy case 10 
daysimust b considerec] to be the loweist* 4 imit^or Jimple slabg up 
to about r*,o m. range.* ^V(jrks of greatet rang* and of large 
"iimerslons shall^Vema^n longes^in their cettemngs, the p«fcwd«to 

be ^tatttl ill the jpecffications. | ^ • 

• • « 

’seasons whfch are extej^tionall^unfevoMrable to.lhe matura¬ 
tion ’of the loncrefe, th 1 fieriod prescribed for maturation •shall be 
adequately prolonged. That holds %^ood particularly for work’s 
whi*h in. the course^ construction have been under the influence 
of frost. Before'the dismant\ing of si*ch worki. is started^^he 
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whole period fi!ced 'for maturation has t() elapse after it hae beei 
ascertained that thawing has been accc^mplishedf in the iftterio 
of cohcrete. ^ ^ 

During the removal of the centerings adequate arrangefment 
have to be made to prevent the jtrucSure from receiving knocks 
shakings,fOr ^^ibrations. 


Load Tests. 

20. In iM^dition to controlling, in the course of the te.stinj 
aperatibns, the perfect execution /af th^ work and*conformit' 
with thcjlata of thc^s^ecifications, the load tests m^ be pro^eede 
with.. For that [fSTIiose ^otice»will have to be given in due tinj 
to the fe’ijlder and to the contractor, advising thdm to be present. 

The load tc^t shall nqt take place in less than 6(5 days from 
thft..f ermination of the works. I f the building structure, iu the load 
lAt, can be loaded in thf heaviest mode dksuWied in the ‘stayc 
cdTculation, it will not%be necq^pry to increase the ie^nsity of the 
load. If, however, the tests are made with pabcial loads, ’die 
Intensity of the test loa^l must exceed tllht of the load in'the 
calculatieR in, such measure as will be decideti in evet^ individual 
cast; by the ^chitect*^n»charge of the.vvorks, who will make 
allowance for jlje beoefft derived fi;oni the sididarityof the parts 
whKili-have not keerf loaded. any ca^e th^t increase* of tht 
load shall nctf: exc^d too per.cent.f 

Under fhe tesfloa(J, p(mnaneni fleformadons showing T.;-esi- 
selves ftiust not exceed 30 per cent oT the fbtal deformations. 
The elastic deformations^^sliall be ap^raise^ according to the 
criteria indicated in No. 23, second pafagraph., The total heights 
of ^CUrvation .for a stricture with floors imhen'rlpd. even tb^morh 
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* • • . . , , 

it be imperfectly, at th^ extremities must ‘nev^r exceed one- 
thousa’ndth of Ae span.^ # 

, *No building^structure iij reinforced cojicretfejmust be j)ut„, in 
^ use, eten temporarily, before the load test has been carried out; if 
the builder should make any*use pf it, it will be entirely at his oVn 
risk and raeponsibility. * » * 


« • 

• RUl-ES FOR THE STATIC CALCULATIONS. 

> • 

,, 21. Own Weight .—As a rule, the own weight of tifi? reinforced 
concreter influding the -height* of the rods, shall be appraised at 
.the raf^ of 2^0 kgs./m.“, except when, fjoip special ^eighmg 
operations, carried out fcti; the’ building in^ question, pther 
figures result. ' . 


22. Acadcntal Loads. —The accidenfal loads,shall be deter- 
mined by the same standards which are adopted for other 
jcqjstructions. AtcoSint .shall be taken tjf possible dynamic actiotfs* 
by increasm^j^the addidonal overb^vrfen bjir 25 per cent., or, fn 
exceptional cal^s, even more. ‘ 

• 23. Extp-nal S'/mJ^^.-^The externa^ stresses shall b^ deter¬ 
mined accorSing to tWe ordinary theories of building scienc?e. 

I? staticaay undetermined constructiRn’^ar^in question, U is 
pecessaiy, irr order to coifl[j*itek the unknown<forces^*,to assume, in 
dfrpraising the i>eometi;ical entities of the tAni^qrgal secttu.'TSr «f 
the 'solids, tljpt the Superficial ^etaJUc elements are* affected by 

cc^llflfients (r«) ten times greater tluia tlfose’of»the elements f>f 
• # * • • * ' 

! * E . \ ' 

ih»aggiegate Im = :oj, and tha* the latter are reacting everi, 

when they are strej^feed. * If necessary, the normal modulus of 
elaslitity of the Reinforced concrete nmy be esJi^mated to •be 
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^ c t ■ i ^ r *■ 

200 tons/cm.*“‘ If the percentage of tly; rods is less than 2* per 

cent., abstraction may also be made, in the abor^e calculations, of 

itsuoresehce. ' ' , .. ’’ 

f ^ *1. ‘ 

In case of inflected solids—such as are often met with in 

practice—it is often necessary, jvherc calculatm^ the sections in 

cdrresporderfce with the supports, to consider thb p^i-fect-fixing 

down and the continuity of the beams ; while for the central 

section of a beam, in the same cases, one may, whon estimating 

the bendiif^/noment, start from the hypothesis, the moment at the 

supports to be only two-thirds of, the ^bove-calcula<»'£d omoment. 

In the absence of an exact computation of the conditioi^ of the 

fix-ipg, ie. imbedWTlg, one may, for the central section, reduce by 

20 per«icent. the moment which would result froki the hypothesis of 

simple syppon^at the ej^tremities. 

'»j/p..the case of a sfab reinforced by ribs, it shaK be assumed that 
/•idy a portion of the slab Af which the size shull not exce'^d ^h‘(^ 
sfnallest of the follow^jng dinjensions, takes useful pnrf vrfth the ribs 
in the inflection, viz. distance between tlie ribs, cci^tre to ccKt-rer 
twent)rj,imes the thickness of the slab, teit times the width of ^he 
ribs, onc^thied of the span of the ribs. 

.Slabs, rciAfor^d ks* the two orthogopaf directions and almply 
supported^or fixed at all edges, mai^ b^ tKimputed like /lags respect- 
w<^y*aupported or fijied all rounh.. 

24. Internal ''Stresses. —Jbe' ^'rdinary methods of caTcul&tion 
^1^1 be Yalid .when che^extern^l 'fo’ice‘ proSuces compfr&ijsive 
stresses in all the elements of the transversal lection' of the solid 
‘(if in that section the sugetficial metajlic elements are appra'ised 
according to the directions containe:d fn*Nows 23 ). 

Mf, howeveji(the superficial fnejtallic element being still valued 
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IS abo'^), stresses of tension should be produced ^ well, abstrac- 
ion shall be ma^,e from tfie tensile resistance of the concjete, and 
.he»axis which separates *the reacting portion frop the inert one, 
ind the unidry stresses shall be determineci by starting frMi the 

following princi^Ufi:— , ^ ’ • 

((j’.J'ConseXation of the plane sections. » , *. 

(^y Proportionality of the stresses to the distances oS the single 
supeuBcial <jlements*from the neutral axis. 

25. Calculation of the' Pillars .—iJlllars shal^* when the 


relation .be^iveen the ff\c length of flexure and the miximum 
transversal dimension exceeds 15, be calculated like solids loaded 
at the^^op, and allov^ance shall be ijiade for a^'iSventiial eccen^ri- 

city of the load, (j “ . 4 * 

The transversal bindings of the rods which reinforc^the pillar 
must be carrictf i.#ut with the greatest Cctre, and be at*Last sojoyar 
to eaAothcr thattthny exclude the possibility of the lat^dl deflgf-^ 
'ti}u oftii^*wit^onsidercd as isolated. ^ ^ 

,26. Defecations.—An regards'the caUulation of the deforma¬ 
tions, what has been a*it) m No. 23, concernin|; tht 

valuatie* oUthe geometrical entities of'the-transversal silSuons o 
solid*), and < mcernin^ the value ol th^ «ijpdujrjs <}f e'.Jisticit^ t 
(Ef for the iron, E, for jhe concrete, n.Ef ipust be born< 

V mintt. .* » • 

*i-j.^afdy /nait.r-Vhe safefy load for ‘ epherete, at simph 

cormja»ession,*shalk*not-ex^ead/ne-firth of .the.crushing'load af^p 

28^ys of •ageing to bfe stated in the specifications, and, 1^01 
JTefllana, to be provfid by a certificatej issued by an official testini 
labojatoty. *' ^ 

No reliance slj^(lbe put upois the resistance of the^concaet 

*1*25 
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to tension and ^shearing, considering that these stresses ar% exclu¬ 
sively b(jrne by the iron reinforcement. 

Homogeneoiisriron shall not be subjected to simple (?.<?. withput 
dan^t'of laterarflexure) tensile or compressive stresses exceeding 
1060 kgs.'/cm,*', nor to shearing stress ,exceedin^^o kgs./cm.* 

*For agglomerate iron, the safety loads shall ]rl-. four-fifths of 
those pernvtted for homogeneous iron. 
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